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la  t  neetiog  of  the  Scientific  Society  of  Cbiistiania  on 
lb  IJth  Much,  1B6T,  D,  C.  Danietncn  g«v«  a  prcliminsry 
tBnuni  of  two  tivw  forma  of  Folyzoa  found  by  him  io  Nord- 
Usd  aad  Finmark,  and  referiedto  anew  genus  Kinetoakiat} 

Of  thew  a  fallcr  aococnt  luu  nnca  oeen  publiahed  by 
Kerni  ud  Daniolsscn,  accompanied  with  figures  ;*  and  one  of 
tb«  two  fonna  in  qtieation  was  etiumeratcd  by  Sars,  in  a 
analogue  of  deep>Bea  species,  uadei  Uie  Dame  of  liu^ttia 

In  Slay,  1867,  Profemor  Smitt,  apparently  not  aware 
ihil  a  new  mnieric  name  had  been  alieadj  applied  to  it  by 
IhidtlMen,  described  apparently  one  of  the  two  fonns  noticed 
b)i that  oljaerreT  andcr  the  tiutnc  of  Bugvia  lanh^ta?  Smitt's 
ipecimana  were  procured  from  Wijile  Hav,  Spitzbergen. 

0nlheS0thJanuary,lb73,oiilhe"ChaUenger"Expedition, 
4  qiednien  of  Inr^jc  size,  of  n  form  very  closely  allied  to  if  not 
iMitira]  with  one  of  tliosc  dnrribcd  by  Koren  and  Dauicls- 
hh,  was  deacribed  and  figured  by  Sii  C.  W.  Thomson,* 
miier  the  name  of  Nar«sui  cyathta.  This  specimen  was 
■mound  in  the  North  Atlantic  in  Uu  SfT  S3'  N.,  long.  11° 
IS'  W.,  from  a  d<-pth  of  1525  blboms.  A  second  specimen 
ef  the  samv  form,  but  of  smaller  size,  was  procured  on  the 
end  March,  1876,  in  lat.  36°  44'  S.,  and  long.  46"  16'  W., 
I  m  dopth  of  £660  fathums.     Other  specimens  of  a  closely 

'ToAMidL  i  TiJmkabMeUkabet  i  Cfarutnuus,'  lS87,f.  23. 
'turn  Htlonlis Komgin,'  put  iii.  1877.  ^  10«,  pL  iu,  Og*.  »-U; 
^  In.  *-!«. 
>  ItntaktirUtimaardTtt  Sbkodin.  Ha/i-GrTnioer."  in'OrTeniglU  mf 
'.  Ttlra^^.-^ks^lllt^l^ffl^l  HMflhipir.'  MBj.lsn?,  pp.993  ud  ^53.  pi. 
"S— 31. 
.;  i,  p.  S87. 
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allied  but  Quite  distinct  form   were  obtained  on  tbe  K 
September,  ISTa. in lat. 9-  5'— 10"  S., long. 50° 49— 58' 
from  it  depth  of  from  $S  to  400  Oilhoms;  and  again,  on  U 
14tb   December,  1875,  in  Ut.  33'  31'  S.,  long.  74''  43' " 
from  a  depth  of  SlIJO  fathome. 

The*c  difTcicnt  fonns  constitute  certainly  tbr«e  and, 
am  inclined  to  think,  four  distinct  and  wcU-characteria 
species  ;  but  they  all  a^jree  in  certain  very  peculiar  chanict 
nhich  would  seem  to  be  nlmoit,  if  not  <[uite,  sufficient  j 
render  the  group  composed  of  them  of  generic  value,  or,  4 
any  rate,  to  rank  as  a  distinct  sub-genus  of  Jiuguia, 

To  (hi)  genua  or  sub-^eaus  the  B})p«ll»tt«»  bestowed  uf 
it  by  Korto  and  Danieluvn  obviously  has  priority  01 
Nareaia. 

The  species  belonging  to  this  group  at  present  knc 
are: 

1.  £tii/Hia(Siiuio*kiM)  Smittii.'Od.n.;  Kincioskiasi 
Kor.  and  Dau.,  ).  c-  i  Bugula  SmiuU,  Sax*. 

H.  it.  {Kinetatkias)  arbor^c-mi,  I>auielU.  ^  JCTiWlofit 
arbore»e«n^^  Kor.  and  Dan.,  1.  c. ;  Bugida  umi^Ua,  81 
I.  c. 

3.  S.   (KineUM*iia«)  i-yoMu*,   W.   T. ;  Atirvsia  cga 
C.  W.  T.,  h  c.  J  .'  J£inetMii4ta  StmUii,  K.  and  U,  1.  «. 

4.  B-  {Kineiosh'as)  pocOlum,  n.  sp.,  mihi. 
1.  £.  Smittii  ia  ibtu  cbaracterisM  by  Korea  and 

wn- 

"  Zoatium  utubelUte,  with  four  strung  main  hi 
■priuging  ftoia  a  »lvm  about  1^  mm.  {6  inches  >  in 
which  ia  cylindrical,  naked,  and  completely  pellucid,  ni 
diMlly  thickened  towards  the  lower  end,  from  which  nutet 
radical  (i)tK«  proceed,  bv  which  the  growth  is  atfixud  , 
snwU  stone»  or  4aod.  T^e  branches  are  biseiiaL  and  diri^ 
Mveial  times  dichelonously.  The  looecia  arc  about  l)-S 
(O'Oi  inches)  Ions,  with  »  breadiii  of  f^H  mm,  sIk-vi",  ai 
of  0'L3  mn.  below.  lu  «hai>e  itiev  are  vlongiiivtl  b| 
UplWf  twtow,  trnuckte  abo<r«.  "the  posterior  sur 
H  itnated  teukavwaely  towards  th«  lower  part.  A  alid 
spine  is  placed  en  the  up|»et  and  outer  ingltf.  On  the  u\ 
Bad  antvrioi  Iwtdu'vi  the  :m»pi'un  thec«  in  a  bituit,  «o 
homy,  conical  proccM,  which  appears  to  serre  aa  the  poij 
of  in^'."'  'a  strong  muscle,  which  t>3iiiaiida  «■■ 
anlcnr  of  the  superjacent  wrenttm.     TTih  mt 

AttacUid  lu  Uiu  conical  process  by  a  tendoa." 

"  The  avicsUha  an  placed  oa  llu  oolasboidiit  uf  il 
coirx-ia,  a  litllp  above  the  middle.     They  are  of  an 
form,  with  a  rather  long  maodihle  curveil  al  the  pui.... 
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oociuin  is  sab'globular  and  affixtd  to  tb*  upper  and  outer 
itfitt  of  the  zfHEciuin,  atcbing,  as  it  wvrc,  over  ih« 
•pesiurc." 

1^  uttcrioi  mutcU  itbov*  meutionetl  is  deecribed  ai  lying 
betnesaa  fine  exterior  mewbruiie  nnd  tliu  proper  eciocyst. 
Tbis  iBsaibtane,  again,  ia  said  lo  paae  <k>ivn  from  one 
iMeeium  to  another,  aod  as  coao«ctinf;  lh«  branches  together, 
being  finally  continued  into  ihu  Ntvm. 

Amoi^t  other  particulars,  the  authors  state  that  th«  ovary 
it  atUched  to  the  endocyst  on  tho  upper  and  anterior  part 
of  tkc  surface  of  the  zoo^ium,  consistiDS  of  no  agglomeration 
of  seUs  wherein  the  ora  are  d(;v<!lopi*d.  The  te»lit>,  on  the 
alker  hand,  they  statr,  it  situated  at  the  bottom  of  lh« 
■smaum,  and  ia  formed  of  similBr  cells  to  those  forming  th« 
onR,  but  filled  vith  sparmatoroa. 

mimetotUat,  therefore,  is  regarded  by  them  as  a  complete 
hatmapbrodite. 
The   iuciitvatioD  of  the  branches  of  the  zoariuM  towards 
tstminatioa  it  ascribed  to  the  action  of  the  anterior 
i  abare  noticed.     There  is,  they  observe,  uo  oommon 
colonial  muscular  system. 

S.  Kmelotiia$    arioretetru    is   described   aa    having   a 

flexibls  Boarium,  supported  on   a   very   short   stem,  ^tu 

■bscb  ntdiete  four  large  main  branches  which  sab-divide 

fidolomously.    Ttie  soizcia,  which  are  bi»erial  and  allcrunte, 

■tc  0*58  mm.  long  by  031   broad    above,  and   0-18  mm. 

babw.     The^-  are  of  a   narrow   form,  and  nearly  pointed 

r,  especially  when  riewed  from  behinil  ;  abore  they  are 

and  rounded,  the  upper  border  bring  oblique  iu  a 

JiisMioa  from  within  upwards  and  outwards,  so  that  the 

Ifpet  and  inner  angle  is  rounded  off,  at>d  the  outer  rendered 

Mr«  acute  :   there  is  no  spina  on  this  angle.     From  the 

■id^flf  the  upper  convex  bonier  of  the  toceciun  nearer  the 

rtsrioi   OMf^n  is  a  strong,  horny,  obtuse  conkal  jtrocess 

«  anophyais,  which  is  said  to  giva  attachment  to  a  muscle, 

*iath,  as  in  K.  SmitlHy  is  de'^cribcd  .is  spreiiding  out  over 

Ac  anterior  surfiicc  of  the  supotjaeont  nxseium. 

The  anterior  surfiice  is  said  to  he  covered  with  scattered 
wlriiiam  granules,  and  the  posterior  surface,  which  is  very 
■■lai,  is  stronoly  striated  transversely.  The  «tiiie  or 
n^  are  elerat^  and  oblique  from  below  upwards  and 
■aanb. 

Ihe  aricnlaria  arc  placed  on  th«  upper  and  outer  angle 
"f  ibe  socecia.  Tbey  have  the  form  of  an  eagle's  head,  and 
"■■Bpporled  on  a  short  articulated  stem.  No  ooBcin  win; 
•Wned. 
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Profcnor  Smitt,  in  his  independeDt  accoani  of  the  Uiter 
of  th«  two  speoiet  ducribcd  by  Koren  and  DnnirlFsen, 
temulu  that  the  xoced&  are  widely  distiDKuithril  by  their 
form  from  tbtee  of  other  8i>ecie8  of  Bii^iua,  inasmuch  as 
the  lower  tubular  portion  is  entirely  waiitinff,  aa  viewed  in 
front,  the  membranoiis  aperture  occupying  the  entire  nnt«- 
rior  face.  The  aperture  is  wider  ahore  than  below,  so  that 
the  zoa-cium,  he  obserree,  has  more  or  less  of  a  boat  shapCf 
as  in  Beania.  But  the  Btujttla  type  is  nevertheless  evidennd 
in  the  incurvation  of  the  inner  border,  whilst  the  lown- 
boider  of  the  aperture  is  straight.  The  upper  and  timer 
angle  is  rounded  off,  and  the  outer  more  acute.  The  avicu- 
lana  are  placed  high  up  on  the  upper  and  oater  angle  of  the 
xoocium,  and  assume  the  same  position,  he  says,  a*  b^ 
B,  aticularia,  though  ratbn  more  pointed  upwards.  ^H 

On  the  dorsal  as]>ecl  the  zocecia  present  s  still  §;reater 
peculiarity.  In  this  aspect  they  are  flatly  convex,  with  the 
outer  boraer  Mute  and  the  inner  more  rounded. 

The  tuz&oe,  as  in  A'Jca  enyma,  a  traversed  bj  rftiaed 
ffranular  lines  or  ridges,  which  curve  obliquely  upwards  and 
inwards. 

The  lowest  portion  of  the  zo<Fcium,  which  is  in  other  species 
of  Buguta  more  or  lesa  tubular,  is  in  this  caae  simply  am- 
strtcted,  so  as  to  convtttute  a  laterally  cmBtmsaed  |>eduncle, 
pUctd  somewhat  external  to  the  midalc  Una  of  the 
BOocium. 

Close  to  this  cotLStricled  part,  and  near  the  inferior  and 
outer  angle  of  the  zocccium,  the  radical  tube«  arise,  the  some- 
what dilated  commencement  of  which  cumnletcly  fills  up 
the  space    between    the  summit  of   the   inferior  or      ' ' 
BOCDcium.  and  the  base  of  the  superior  or  yonni^, 
wedged  in,  as  it  wi-re,  Wtwrrn  the  two.     From   ihl* 
a  rMiral   tube  grows  duwnwurdt,  running  along  ihr- 
border  of  the   lower   locrcium,  near  the  bottom  uf  wbicb 
it   unites   with  a   similar   radical   tube   arising   tiwa   that 
sotBcium. 

Sometimes,  however,  he  observes  tlm  conjtioctiaQ  don 
not  lake  place,  hut  the  two  (ov  mote)  tubee  are  eootintwd 
ride  by  side.  But,  geoeraUy  speaking,  u  they  desoenil  «U 
distinction  bvtwMn  the  tabei  disappMis,  their  hnn'M 
nmicfttiaa  to  run  Isgvthcr,  n  m  to  farm  a  broad  cxpmaian, 
which  fills  Dp  the  angular  span  l>Wween  two  contigiiMtf 
braurhes  of  tlu  muinm,  stretching  acsosa  from  bob  Ib  llw 
other. 

Pnifauur  Smiil  aIso  statas  thai  in  the  interior  sf 
rxpasalon  noHetooa  colonial  ncrr*  filaaenti  nay  he 
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ft  n  Ml  <1m^  cb  Piofcawji  Snitt'i  descrip^on,  whether 
ikificIaMi  of  Aiifiria  HMMIa,  from  which  »t  was  drawn, 
ixt  «•  fcW  sac  «  ''"^  pedtuicl«.  Bat,  <0  far  u  my 
■VKfal  kjMviuI^iJ  of  Swedish  ecwblea  mc  to  say,  1  should 
ft^  thai  he  timkM  it  poMtble  that  the  growth  may  be 
««e  or  loa  drtadied  or  free,  the  radical  fibres  only  pemi- 
tniiaf  t&e  Ioom  muddy  bottom  without,  as  in  most  other 
ONI  n  the  Poljmn,  th«  fibres  being  atUcbed  to  any  dxed 

uc  abot*  famf  coMunary  compiisc«,  I  believe,  the  mnin 
^d  b^lisf0  aada  kaown  with  regard  to  tlie  aituctuial 
fw^farititi  at  Wme4»aUa».  My  object  in  the  preMnt  com- 
■niritiaa  »  to  alxnr  how  far  the  accounU  given  by  the 
(■iiitu  and  wgadSmat  obeervers  above  cited  are  in  accord 
•itii  ■fcat  I  cmectw,  from  direct  observatioa  of  two  doceiy^ 
1^  bras  lo  be  tbc  actual  conditions. 

lb  twv  tttma  thsi   hare  come  under  my  own  obeerra- 
ta  6n  tte  *'  Challenger"  coUecUon  ate : 

1-  Xim^mah'as  cyathuM,  C.  W.  T.,  and 
X.  Xmalmtnit*  pociUum,  n.  sp.  (Bg.  3). 

I-  B.tmtk»».      The  general  aspect  and  dimenaiona  of  this 

"■obUi  and  beantifiil  form  Krc  well  shown  in  Sir  C.  W. 

Tfaane'h  as^ponc  of  xt^  and    to  which,  so  far  as  external 

*^'iKlnCo>I  have  but    very  UttW  to  add.    The  :oiiriui» 

•WRiofan  abgmzit    iiifuadiuuliform,  vase-Uke  expansion, 

fi*l>tBlsii    of  aumerous,      long,    sparsely     dichotomising, 

iiMnlbaiK^es,spnxigixig  from  an  apical  pointat  the  bottom, 

ttd  tntfisg  geatly    ou.cvrB.rds    till,  towards  the  extten^tiea, 

'Ww  "irkd  rouad  uporx    tlicinselves,  the  anlenor  aspect 

<'■«  nocia  lookixsg    outwards.     This  infundibuliform  por- 

^(fths  nariom  i«  su  pported  on  a  point,  a  little  to  one  side 

ifAttEttHl  apex,  -u-poxx    tl»c    summit  of  a  terete  pednncle, 

*«fcm«fi«  iixches  in  height,  and  from  about  half  an 

■chindBmctcT  «.t  tt>e  t>ot.toin,taporingtoa  diameter oflew 

**tbion«  tenth  of  mo  irxcli  at  lh«  summit.  At  tht  lower  pan 

<'lWn»-Iike    crop     t-fae    fcranches,  to  a  h«ght  of  about  »» 

i«*.Sft  umted.  Ufc«  tHe    ribs  of  an  uaAfefla.bya  delicate 

■nrpMwjt  m«ml>r»x>e,«tx-etching  acnsabomom  to  the  other. 

IWiMobraJioix-  cxip  5«  l>TOUKhttoapointatbottom,a\itrte 

••lodeof  ihe  spot,  from  which  the  branchw  diverge  ^^^ 

Yvit-h-  the  pedimd*.    The  laiiet,  iv 


'*n>ara  to  be  <^iu 
"r  u  iu  JQiicaiox* 


6 


asoKoi  ntrsE. 


flallcned  id  the  spirit  spectmcn,  is,  in  the  natural  coad. 
cylinilriml,  ami  iiTwtwlily,  wben  dt^tend^J,  suniciently 
to  support  the  up]M?r  jwrtiou  in  ad  upiigbt  position,  irhow 
weight,  of  couise,  must  be  very  Uttle  in  the  wnter.  The  waB 
of  the  ptMluiiclc,  though  p<rihap«  rnlhor  thicker  than  (hcircb, 
U  perfectly  transparent,  ami,  bo  far  as  1  can  mak«  out,  i)uit« 
homogeneous;  and  in  the  interior,  in  the  spirit  Enecinieu, 
nothing  is  to  be  teen  except  a  few  tninutc  nactoi  and  sleader 
hranching  thread*,  probably  belonging  to  an  extr«inrif 
delicate  endosarc,  and  which  it  it  allowable  to  supnoee  may 
represent  the  so-called  "colonial  nervous  eystetn, '  seen  hj 
Smlit  in  the  radical  tubes  of  hii  B.  umbeila. 

Tha  lOd-ci*  arc  about  0045  inch  long  by  0-02  it:  v 
which  is  tolerably  uniform  from  top  to  boitora.  The 
border,  as  in  most  species  of  litigula,  ia  hollowed  on  the  ex- 
terna) border  and  towards  iho  lower  end  iu  ino«t  of  the 
xuimn,  a  sort  of  Ktvp  it  thrown  out  (PI.  1,  flg,  I),  upoa 
which  is  articulated  the  avicHtartttm.  The  inneT  border  ts 
evenlv  rounded,  and  the  upper  and  inner  angle  is  compleiely 
rounded  off,  whilst  the  external  is  pioducrd  and  crowned 
with  a  short,  pointed,  spinous  piocns- 

Viewed  behind,  the  luurcinm  li  convex  and  the  »ur(aoc 
perfectly  smooth,  without  a  vestige  of  any  transverse  ridges. 
The  outline  is  much  the  same  as  in  (iront,  and  the  outer 
border  t*  acute,  the  inner  rounded.  At  bottom  the  /oa-i^Iuni 
ts  seen  to  arise  from  the  back  of  the  subjacent  one  by  a  con- 
stricted neck,  on  the  outer  side  of  which  there  is  a  ebittnoos, 
ihickcDcd,  ring-shaped  process,  which  appears  to  represent' 
t)ie  tpot  from  which,  in  the  lower  port  of  the  branches,  the  I 
radical  tubes  spring;  and  the  insertion  of  the  zotrciom 
appears  to  be  also  surrounded  with  a  rathei  thick,  cbitinaoi 
nng.  The  oomia  are  of  large  size,  attached  to  the  middle  of 
the  summit  of  the  coosMnm  in  front,  and  projecling  fonvaitl* 
in  the  foioi  of  a  wide  ihallow  hood.  ^H 

The  avicularia  are  about  003  inch  long  and  about  0  OjH 
wide.     The  miindibtc  is   about  O^Ol  inch   in   letsBih,    und^ 
much  curved;  within  it  present*  the  usual  arraugi'inei 
m\iteles,  and  a  thickened,  glandular,  (!)  digilifom)  s: 
pouch. 

Within  the  sooDcium  a  ntfaer  lanre  polyplde  is  lodged,  of: 
(he  usual  confurmsEion    and    i  '  ' 

hMvin^  about  iwtmtv.fcTir  t\t  " 
there  is  nothing  -  dui  uilivr   ; 

rem^iin  tnht^Tnni'  m  ronmnti  1' 


nna 
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Ihi  tea*  of  ihe  tuwcium  pMsm  obliqueljr  backmnl*  aud 

tt)tKArd9,  «xpandmg  in  R  fau-»hnp«il  tnnnner.  tobe  iiinrteil 
iiiiu  lU  ttindet  n-all  to  the  haiglit  of  nbout  one  third  or  oiii! 
liwnh  «f  liio  mtBCium  (tig.  1  a).  The  aciiiMi  of  litis  muEcle 
noM  Im  to  tlr«w  (hn  sntira  zvuKium  dowawaids  intl  tor- 
ncda,  or,  in  other  troriii,  to  bcuti  it  mi  it»ell',  sod  thut,  by 
icurreui  action  in  mauy  itxtcia,  to  curl  tht  bmaohM 
Ltds  ;  an  aciioa  that  hns,  in  fact,  been  Qoticed  by  Kot«o 
and  Dwiielncu  in  the  living  oonditioa.  Besides  this  flexor 
mttadv  in  K.  eyathtu  theK  is  an  additional,  smaller,  fan< 
•baped  bundle  of  fibres,  for  the  purpose,  apparently,  of 
curving  Ihe  step-like  process  of  the  wall  ofthenxecium,  upon 
which  the  avicuiarium  is  fixed,  foTwanll,  so  as  to  causa  the 
^■■ftlariam  to  TORie  in  front  of  the  ziMeeium  <fi^.  I  c),  whicb 
^H|p|an  in  the  suini  suecimeo  to  be  ils  usual  position.  I 
^^ntQ  be^n  iioablfl  to  aiscern  anything  like  ovnry  or  testis 
PKritbiti  the  to<x«ia ;  but  many,  if  not  most,  of  the  oa«ia 
«»  filled  with  ail  apparently  TilcUine  mass  or  oTum  9f  large 


Koien  and  DanielsEen  it*  inolined  to  consider  that  their 
KiMUnkiat  Smitii  is  id<.-ntical  with  Xurvtia  cyaihui  uf 
Wyrille  ThoiDion  i  but,  so  fat  as  I  ani  able  to  judg»,  from 
thcit  detailed  deMriptloa  and  figures,  I  do  not  see  hoir  this 
Mn  well  be.  Tba  form  nnd  size  ol  the  xotevia  and  of  Ihe 
avicuiarium  and  otcoin  undoubiodly  appear  to  correspond 
with  thoH!  of  b.  Ci/alhut;  hut  the  geutrntl  uaccl  of  the 
■oarium  in  the  two  cases  is  utterly  dissimiUf.  In  this  par- 
ticular, however,  it  must  b«  remarked  that  the  natural-sixv 
figurp  given  in  pi.  iii'  does  not  at  all  uoTTeipund  with  the 
deecription  in  the  text.  it.  In  K,  eijathu$  thero  are  no  tians- 
eerse  mgt  on  the  back  of  the  <«<eci'a.  i.  The  avicularitim 
la  atlMhed  in  B.  SmitU  abore  the  middle  of  the  outer 
b<m)er  of  the  xooecium,  whilst  In  K.  cyatha$  it  arieM  fran  a 
distinct  step-like  process,  quite  at  the  bottom. 

On  theM  grounds  there  does  not  appear  to  me  eufficient 
n«son  to  regtrd  Kinetotkiat  Smitdi  and  i^'arisia  cyatlnit  as 
specifically  the  same. 

2.  KinetMkia$poeillum^Thoti%\\  very  nticb  smaller  than 
K.  ryathtis.l'he  elructure  of  lh«  xoatiuib  is  exactly  the  same. 
Like  that  species  it  conmia  of  a  TaBiturm  infundibulifotm 
expansion  composed  of  branches  springing  from  a  common 
point,  and,  as  in  that  form,  united  nc  thiir  base  by  a  trans- 
parmt  membniw,  which  ie««tiM«t«d  with  an  equally  trans- 
parent, terete,  membfanofu  sietn,  about  oiva  and  a  half  to 
■inebesbigh,  «blob,as  in  if.  fynlAiw,  teiminatea  inferiorly 
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ID  a  thick  tuft  of  very  fine  tubulcd  or  hollow  fibres,  eaeh  i 
which  is  indmiluallr  affixed  to  an  emptf  gMngerina  shell,  i 
to  MOM  other  Foiamioifer.     And  there  ih  the  same  complot 
cOBltri<:tion  between  the  stem  and  the  membruuoua  ex{ 
sion  formiog  the  bottom  of  the  infundibular  cup.    The : 
differ  Irom  those  of  K.  ctjathnt  in  having  no  spine  od 
upper   and   outer   angle,  and   in   having   the   avicalarit 
attached  by  a  distinctly  articulated  peduncle  to  the   ouler^ 
border  rather  above  the  middle   and  wiihoui  any  project-_ 
ing  procets  for  ita  reception.     Poateriorly,  the  zorod  at " 
irresnlarly  oblong,  the  outer  border  being  sharp  and  nc-arl 
straight,  and  the  inner  as  it  were  gibbous.    The  surface, 
in  S.  cyathui,  ih  perfectly  even  and  smooth,  and  rery  conre 
la  many  of  Uie  zocecia,  more  especially  towards  the  luf 
end  of  the  branches,  a  small  tubercular  projection  rises  fr 
the  upper   border  of  the  zoaciwn   ('fig.  i)  in   tlie   middl 
which    would   s«nn   to  correspond   to   the  "horny  cor'" 

inxesa"  in  the  same  situation  noticed  by  Koren 
lanielssen,  and  supposed  by  tbem  to  serve  for  the  attac  _ 
mcnt  of  a  muscle;  but  it  »  clearly  nothing  of  the  kio4 
and,  as  it  seems  to  me,  merely  a  rudimentary  ouedum. 
£*.  poeilitim  theM  o^ans  are  much  smaller  than  in 
etfothu,  but,  as  in  that  species,  cacullale  in  form.  They 
differ,  however,  very  mnrkrdly  in  the  direction  in  which  the 
opening  looks,  which,  lu  K.  cyuthtt,  is  directly  downwards, 
and  the  K.  pocillum  obliquely  outwards  and  downwards. 
In  the  interior  of  the  zocecia  the  arrangements  are  of  the  naual 
kind,  except  in  the  presence  of  the  additional  fan-  or  rather 
bnish-shaped  flexor  muscle,  which,  in  tbitt  species,  is  of  larger 
size  or  more  developed  than  it  is  in  K.  cyaihus  (fig.  s.). 
The  additional  muscle  connected  with  the  inseittoo  of  the 
tmeutarium  is  absent  in  K.  poeUltan.  Besides  these  paru, 
there  may  be  abo  seen  within  the  base  of  the  zocecinm 
behind,  an  apparently  chitinous  process  of  irregtdar  figure, 
and  probably  hollow.  It  springs  apparently  very  close  to  the 
spot  whence  the  radical  tubes  arise,  aud  may  have  some  con- 
nection  with  them.  Koren  and  Danieksen  notice  a  similar 
process  in  K.  Smittii,  and  I  have  seen  it  occasionally  of 
smaller  size  than  in  K.jMcilttim  in  K.  cyathta.  1  am  unable 
to  define  its  funotiOD«  bill  it  most  certainly  does  not  icrvc  as 
the  point  of  attaohment  for  a  muscle  as  supposed  by  Kur 
and  DaniebMn. 

Id  X.pocQtum  tb«  artdtZnrum  is  of  Urger  eixe,  and  wid 
in  proportion  to  its  length  than  in  K,  cyathtu,  nsomblii 
in  that  respect  the  avictuaTinm  of  K.  arhoracm;  but  oih-i^ 
wiM  th^  uo  aUke,  both    eontaining,  besidei  the  ttau 
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mnadesj «  digitiform  glandular  sac,  fine  bruclung  nuclflftted 
£bFes,  which  may  be  nervous. 

J  hare  u  yet  scarcely  adverted   to  the  mott  remarkable 

featore  of   Kinet«tkiat,  viz.  the  peduncle  or   item,  which 

to    exiit  in    all  the    species,    though    il    is    not 

bown  in  Professor  Smitt's  figure  of  his  K.  umhella,  having 

[probably,  HS  I  should  InugiQe,  become  accidenially  detached. 

The  mode  of  formation  of  this  part  of  the  loarium,  which 

\i  undoubtedly  the  homologue  of   the  bundle  of  separate 

ndical  tubes  so  commonly  met  rrith  among  the  PulyKon,  is 

Extremely  curious  and  intereeting,  and  at  the  same  time,  in 

.nme  points  as  yet,  more  or  less  obscure;  as,  in  fact,  may  be 

'Mid  reapecting  the  mode  of  formation  and  development  of 

the  more  ordinary  form  of  radical  liitH>s. 

In  the  more  common   form  they  are  cylindrical,  jointed, 
rdiitinous  tubes,   with  rather   thick  wiiILs,  and  with   very 
^■cantjr  contents,  beyond  a  few  minute  granular  particles  and 
lar    threads,    representing,  as  it    would    seem,  the 
nains  of  an  endosarc,  with  which,  in  order  that  their  pro- 
tnve  increase   in  length,  and  occasionally   complicated 
inching,  &c.,  may  be  effected,  we  must  suppose  the  tube 
>  b«  furnished.    In  fact,  it  is  otherwise  impmsible,  without 
sumiiig  the  presence  of  a  germinal  material  to  account 
r  th«  (act,  that  even  after  the  tubes  have  attained  a  con- 
adetable  length  the  extremity,  or  a  considerable  part  of  the 
'^tabe,  may  nudergo  great  changes  in  form,  as  is  seen  in  the 
production  of  books  and  other  means  of  ensuring  adhesion 
to  foreign  bodies ;  changes  showing  a  mo»t  cxttaordtnary 
adaptability  to  circumstances.     Not  the  least  reinarkuble  of 
"bese   adaptations  is  the  division  of  the  extremity  of  the 
'tube   into  a   multitude  of  ver^   minute  tubular   filaments, 
each  of  which  may  be  tiaced  into  indvpcudent  connection 
_«ilh  some  small  foreign  body.     In  the  deep  oceanic  forms 
are  most  usually  dead  globigerina  shells,  oi  the  skele- 
tons of  other  foraminifera,  so  that  having  no  more  stable 
foundation  than   the  soft  globigcrina  ooze,  which  forms  so 
rtxtensively  the  bottom  of  the  ocean,  tlie  delicate   Polyzoun 
growths  which  inhabit  those  profound  depths,  are  able  to 
support  themselves  by  the  innumerable  multitude  of  solid 
particles   to    which    they    are   attached   by   the    bair-like 
tciminationa  of  the  radical  fibres. 

And  this  is  well  shown   in  the  case  of  Kinetotkiat,  in 

which  the  dilated   lower  end  of  the  peduncle  breaks  up 

^ into  a  thick  and  den^  tuft  of  excessively  fine  filaments,  at 

'  tiie  end  of  e«ch  of  which,  when  the   tuft  i»  slightly  teased 

out,  a  globigeriita,  <a  other  fotaminifcrous  shell,  is  seen  to  be 
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firmly  altaclied.  In  i»aiiy  iii«|nDces  the  fiUment  may  fae 
HCOD  GiileriTtg  (be  cavity  of  the  empty  abetl  hod  coiling 
about  within  it.' 

It  is  difficult  to  imngine  how  this  subdimion  of  th« 
diftal  end  of  the  tube  or  stem  can  take  place,  unless  «t 
that  part  there  ii  Retire  power  of  growth,  at  at  ihc  mt- 
tromilic*  of  the  toot  fibre*  in  plants,  though  in  a  different 
and  at  prihM'nt  unknown  way.  And  a  slill  more  temarkablo 
fact  is  (be  power  of  adaptalion  to  iho  environnieiit 
that  is  possessed  by  lliese  delicate  tilaraents,  whieh  might 
almost  lead  to  the  conclusion  that  an  active  living  power 
resides  in  cren  the  ultimate  fibrilla;. 

In  Kinelo$lt'aa  the  peduncle,  as  I  have  obsenred,  repre- 
sents a  radical  tube,  or  rather,  it  may  be  said,  a  coalesced 
bundle  of  tubes. 

The  wall  of  the  peduncle,  in  tbc  living  or  fresh  condition, 
is  described  by  Sir  C.  W.  Thomson  as  being  as  clear  as 
glass,  and  it  retains  this  transparency  scarcely  impaired 
even  after  lotig  immersion  in  alcohol,  t'nlike  the  radical 
tubes  in  all  other  Polyioa  that  I  have  examined,  tha 
corresponding  structures  in  KinetoshuiB  have  no  action  on 
polarised  liaht.'  Though  very  thin  the  wall  is  extrctnely 
tough,  and  beyond  an  obscure  appearance,  in  (he  contracted 
Btatej  of  a  very  delicate,  longiiudinal,  inegiilar  siriation,  no 
trace  of  structure  can  bo  obserifed  in  !t. 

AVilhtn,  as  I  have  stated,  the  remains  of  a  very  delicate 
emlosarc  or  cyst  may  be  observed,  as  represented  by  a  few 
scattered,  minute  nuclear  bodies,  and  irregular  brsDohing 
filamentous  strintis. 

I  ba^-o  alruadv  cited  Professor  Smitt's  account  of  the  mode 
of  formation  of  the  radical  tube  or  stem  and  sheathing  mem- 
brane in  K.  arbortfent,  and  this,  in  the  main,  U  equally 
applicable  lu  A',  cyathus  and  K.  pocHluin. 

Ill  fig.  5  is  represented  the  bifurcation  of  one  of  the 
branches  in  the  latter  species,  just  above  the  point  at  which 
the  branches  ant  connected  by  the  sheathing,  umbrella-like 
expansion. 

In  this  figure  are  shown  delicate,  dilated,  radical  tuhet, 
pakstng  across  from  one  branch  to  the  othct.     Tl  -      >'« 

aiise  ftom  the  constricted  part  of  the  ssmum  h-.  ij 

immeJiaii'ly  flbovr  its  point  of  origin  from  the  subjacent 
one.  Aud  tliey  are  apparently  inserted  iiilu  the  coiietpood- 
log  point  of  the  xocetan  in  the  opposite  branch.    The  tubes 

■  Vu*  unngHttU.  kswoTSf,  it  iqiuUy  woU  ihowa  ia  imoj  vlUn  at  Uu 
nIitimI  (arau  ■  OngiU,  Ilic4Uru,  ud  oklisr  fciieta. 
*  Wiatb  mwU  pivtably  iadieile  tlic  abwuiM  of  mtj  oikifMus  einoit. 
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la  tltu  urticular  species  it  will  alno  be  teen  that  tfae 
pmrth  of  uie  zowinm  commencei  with  an  enormously  elon- 
fuei  aiaxiuia,  from  the  bottom  of  which  two  prolongations 
m  cootinQed,  which  at  the  upper  part  are  sUghtl]'  calca- 
noas,  but  below  become  altocether  chttiiioun  or  homy,  and 
atttij  hka  Hut  other  radical  tubes.  In  fact,  the  brancbe^l 
tfnniaation  ahown  in  the  figure  belongs  to  one  of  tfaesv 
intial  tnbea  a*  ihe^  may  be  termed. 

That  the  radical  and  connecting  tubes,  like  the  aTicuUria 
inii  ribraimla,  represent  modiliGd  zooids,  is,  I  believe,  gene- 

2  admitted ;  nor  ran  it  be  denied  in  tbi«  case  that 
•ucceoive  joint  or  internode  is  a  distinct  Kooid.  In 
outSnoaHon  of  this  view  1  would  take  this  opportunity  of 
ttltos  a  rery  striking  excmpHGcfttion.  This  is  afforded  iu  a 
fpec»ea  of  Carbasea  (C.ocoi'rfrta.Bk.),  "fi  which,  from  the  edge 
V  the  froDils,  may  frequently  b«  seen  numerous  filamentous 
tabular  processes,  in  all  respects  bomolc^ous  with  radical 
tnbes,  and  like  those  destined  to  afford  attachment  (0 
loragD  bo<[ies,  or  between  the  aeparate  fronds  tbcnuclree. 
A  portion  of  the  edge  of  a  frond  of  this  CarboBea  is  shown 
in  fi«.  9,  in  whicli  it  will  be  seen  that  cells  of  irregular 
fmo,  and  nerer  containing  a  polypi'dc  or  other  structure, 
hryond  the  usual  granular  endusiirc  nnd  branching  fibrct, 
lie  along  the  border.  And  that  from  some  of  these  aborted 
tells  (for  they  cannot  be  termed  nKecin)  tubular-jointed  filn- 
ainits  arise,  each  of  nhich  may,  in  fact,  bo  considered  as  repre- 
Kfltin^  one  of  the  longitudinal  scries  of  ioa«ia  in  the  frond. 
At  a  ft  short  tubular  process  is  seen  from  which  two 
lutw*  nrisp,  exactly  in  the  same  way  that  two  zooccin  arise 
in  the  course  of  the  longitudinal  licrios  of  ordinary  xoa'cta ; 
and  what  is  very  icmarlntble,  as  proving  tbo  homology  of 
.Ibese  aborted  xnn-cia  with  those  of  the  ordinary  kind,  at  a 
^he  fintt  inteniode  of  one  of  tbc  filaments  is  Actually  Hir- 
ed with  a  semicircular  lip,  although  there  is  not  the 
8t  indication  of  rousclus  or  polypidct  in  the  interior. 
I'frowing  end  of  tfae  tubular  filament  presents  n  granular 

ace  in  the  interior  {b),  precisely  like  that  with  which 

iQ  the  yoting  budding  zooccia  arc  filled. 

TbeM    marginal   cells   and   their   tubular    prolongations 
ftppCKr  to  me  to  afford  the  clearest  possible  evidence  of  the 
ie  nature  of  the  radical  tubes  and  clasping  organs  of  the 
l^olnoa.* 
tfotf. — Since  the  abovs  wac  written  I  have  noticed  in  a 

n.rrT!...ii  -..m'.'.n  VornaiHi  it  may  aboott  be  Mill  thsl  tlio  inhabited 
i[>1t  b  lUlatalion  at  OM  part  of  the  ialcmoile  o(| 
^tbuMt  la  lh«  iiHim»te  extremity  of  Um  btuk^l 
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Germikatio.n  iihtl  HisTOi-ftoy  of  the  Sebdliso  of 
ria.»riTtMiiiiA    itiKxams.       Uy    t.    Oapis    Bowes, 
BJ.,  Cawb,     With  Plates  III  and  IV. 

I%«  ilttlTv  £miryo, 

pment  of  tho  i-mbryo  of  Wolwitwhia  ho»  been 
sir  .f.  I).  Hooket,  in  his  moii<Jgra))h  on   ihc 
f'TruuB.  Liun.  Soc,'  vol.  xsiv),  and  agaiu  by  Stras> 
■  r'  Angiosp.  unci  Gymaoep.,*  p.  155).    I  find  ih'e  struc- 
af  the  mature  embryo  to  corTeEftond  in  lliv  uisin  with 
dcscnpUoDt,  bul  (he  «inbr]:o«,  which  I  have  had  llie 
_aitut)ily  of  examining,  ate  larger,  and  possibly  hetler 
'  nfhired  than  those  dewiiKed  by  the  latter  tmter ;  while  ft 
■on  of  hia  lig.  92  with  fig.  1   a,  »,  v,  will  show  a 
•c  iif  form,  A«  well  as  uf  ttructtirc. 
tad  the  ninnite  embryo  to  consist  of  a  struglil  radicle, 
with  largely  developed  root  cap.     To  the  apex  of  the  radicle 
■dbemthe  suspeueor,  which,  together  with  the  embryonic 
tabe«  (etnbryonal-schlauche),  forms  a  mass  of  coiisideiable 
lise.     Sarroiinditiu  the  body  of  the  embryo  may  bv  seen  « 
nnlKng  or  cdllnr  (fig.  1  x).     Passing  ftoni  this  towards  Uie 
X  01  the  embryo,  there  h  a  sudden  diminution  in  thick- 
*,  and  at  a  short  disUnce  above  tho  collar  are  borne  the 
two  cotylfidonB.     From  a  compariBoti  of  (ig.  I   a  and   a,  it 
win  hr  seen  that  th©  hypo-cotyledonar  j  part  of  the  embryo  i( 
neatly  ■'vliiidrical,  the   cotyledons   only  being  compres^. 
"he  plane  of  their  compression  is  that  in  which  the  whole 
is   finltcncd.     A  longitudinal  section  (fig,  1  c)  shows 
bolwren   the  cotyledons  lies   the  apical    cone  of  th« 
V,     This,  as  stated  by  Strasburger,  remains  iindeT«- 
iped,   as   a  simple   papilla  of  tts»iie,  up   to   the  time  of 
matority  of  tho  embryo.     From  ji  lougituuinal  tection  it  is 
mn  that  tho  radicle  \a  short  in  comparison  with  the  root 
p,  and  that  tbii  latter  extends  back  almost  to  the  thick<;«t 
of  the  collar.     The  epidermie  proper,  which  covers  the 
idons  and  the  bypo-cutyledonary  stem,  losc^  it$  identity 
point  where  (he  root  capbvgini.     From  here  onwards 
the  apex  of  the  radLcU%  Uie  vxieruiil  coreting  is  mado  up 
■ucce'iion  of  layers  of  the  root  cap.     These  merge  imper- 
iptibly  into  th»  cortical  tissue.     Ai  the  apex  of  the  ratlicle 
angemcnt  of  ti^snci  coriespond*  to  I  he  general  typo 
__,e  couifetK.     In  Wclwiwthia,  however,  the  tissues  of 
toot  cap  a,r«  more  diagrammatically  arranged  than  is 
the  group,  the  t«%'ularil^  of  ine  eenlittl  aeries  oC 
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celU  being  m&intaiiied  up  to  the  mass  of  suepeneora 
embryonic  tubes,  which  cover  the  apex  of  the  loot  c«p. 

Germmaiitm. 

On  being  exposed  to  conditions  ftiTorable  for  germinat 
the  seed  swells,  and  the  embrj-o  begins  to  increMe  in  lengt 
The  root  is  the  first  to  push  its  way  out  through  the  rupt 
testft.     The  elongation    which    produces  this   result   tali 
place  chiefly  in  the  tissues  of  the  root   iuelf,  the   hj 
cotyledonnry  stem  iocreaiing  at  fire(  only  slightly  in  leng 
The  point  of  pcrfonilion  of  the  tvsia  is  near  to  the  apoz  i 
the  seed,  but  is  rariablc  according  to  the  position  of  the  : 
during  germination.     It  is  on  the  side  which  happens  to 
undermoat  (figs.  4,  5).    The  root  in  ita  growth  pushes  asij 
the  penistent   remains  of  the  nucleus,  togvther  with 
vtupenson,  and  the  apical  part  of  the  largely  developed 
cap.     These  may  be  seen  in  the  germinated  seedling  attachl 
laterally  to  the  exterior  of  the  root'  (dg«.  S,  4). 

Thus  &r  the  hypo-cotylcdonary  portion  of  the  stem 
extended  only  slightly.  Tlie  cotyledons,  howerer,  and 
upper  part  of  the  hypo-cotyledonary  stem,  begin  now  to  i 
crease  m  length,  and  the  thickest  part  of  the  embryo  is  puahe 
out  of  i\n'  cavity  of  the  cndoapcrm.  The  room  thus  made 
however,  filled  by  the  growth  of  a  peculiar  excrvsoencc 
that  side  of  the  hyi>o-cotyledonary  stem,  which  is  madeconcal 
by  the  currature  of  the  root  downwards.'  The  first  st^es  i 
development  of  this  organ  I  have  unhappily  been  unable  l_ 
follow  from  want  of  suitable  materials.  Long  before  the 
escape  of  the  colyh-donii  from  the  seed  it  may  be  found 
lying  side  by  side  with  them  in  the  cavity  of  the  endosperm 
(fig.  S  4),  In  form  it  is  wed ge -shaped,  hut  with  tht-  edj;c  of 
the  wedge  (i.r.  the  npex  of  the  orgmi)  rounded.  It  is  com- 
pressed  in  a  plane  parallel  to  that  of  the  cotyledon;:. 

On  searching  for  this  lateral  structure  in  tlie  mature 
emhrvo  before  germination,  do  external  trace  of  it  was 
found,  the  iwollon  collar  being,  as  described,  uniform  round 
the  axil.     Even  on  cutting  srcltont  of  tb*  hypo-cotyledonary 

■  Aceordiag  to  Sttasbnqtcr  ('  Caaif.,'j>.  31D},  the  hrao-eotyledoBiij  tteoi, 
uully  doqi*^  nfid);  donag  tbc  Brat  it«g«s  of  prmnuHfon  M  the 
Cflwifww. 

■  Ct,  ■*  Dcaeriptioa  of  Qcrminalion  ia  Epbeitn,"  8trulHirB«r.  'Oooiit,' 
fuSil. 

•  II  I*  natanl  for  setda  ekaped  Uke  tlioee  of  WctwilMliia  to  II«  nn  thdi 
side  iuriag  gmniitilioB.  Ho  potsiMn  cat*  of  ■  teed  Mian  m  that  Ike 
ndjcle  of  tlu  ooUiryo  •lioxU  pgist  Tortkaliy  dowawar^,  I  han  omw  bail 
tb«  oppoTlnulT  of  DfaiBrviiiK. 
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•tern  of  Ibe  mature  embrj-o,  there  was  not  found  in  the 
arruigvineiit  of  the  tissues  any  indication  of  this  or^n,  or 
apparent  pn-pnraiion  for  its  dervlopment ;  the  iirritngrment 
of  epidermis  and  cortical  tinue  being  unifortn  all  round  the 
stem. 

Since  my  work  depended  upon  a  limited  number  of  seeds 
only,  1  wa«  not  able  to  Hludy  the  early  stti^es  of  dcrelopment 
of  this  organ  as  fully  as  I  should  have  wished  ;  nor  could  I 
obtain  anything  further  than  the  foUowiitg  facts: 

In  a  seed  which  had  heen  sown  three  days  no  change 
waa  found  in  the  embryo.  In  a  seedling  of  twelve  days, 
howerer,  the  organ  was  found  almost  fully  formed  (fig.  2). 
Id  this  case  the  root  had  exlendinl  to  a  length  of  about  one 
and  three  quarter  iuches.  The  cotyUduns,  though  still 
enclosed  in  thr  scL-d,  had  grown  to  about  one  quarter  inch 
in  length.  Side  by  side  with  thne  lay  the  lateral  organ, 
which  had  already  attained  a  length  almost  equal  to  that  of 
the  cotyledons.  From  these  observations  we  see  that  the 
dcrelopment  of  the  or^an  is,  like  others  of  the  first  procc8St.'s 
of  germination,  very  mpid. 

Iq  tU  c— ca  of  seeds  sown  flat,  the  poi^ition  of  the  lateral 
vrgana  with  relation  to  the  cotjledons,  was  found  to  be  as 
TVprecenied  in  fig.  S.  In  seeds  sown  on  edge,  as  soon  aa 
room  is  allowed  by  the  extrusion  of  the  root  and  thicker 
part  of  the  hypo- cotyledon ary  stem,  the  cotyledons  suffer 
loTsioD  in  the  cavity  of  the  endosperm ;  so  that  the  body  of 
the  embryo  is  rotated  on  its  axis,  and  thus  it  assumes  a 
position,  relatively  to  the  direction  of  gravity,  similar  to  that 
in  the  case  of  the  *i-vd  »uwn  flat.  The  lateral  organ  is 
meanwhile  develo|ted  in  the  same  )>o«iiion,  relatively  to 
the  rest  of  the  embryo,  as  in  the  former  case  (fig.  S). 
It  always  appears  on  that  side  of  the  stem  which  is  made 
concave  by  the  curving  of  the  root  downwards.  Hencv 
it  appears  that  the  direction  of  gravity,  relatively  to  the 
germinating  seed,  has  an  indirect  determining  influence 
upon  its  position.  If  we  consider  the  mature  embryo, 
we  shall  Kcc  that  the  lateral  organ  might  be  formi'd  at 
either  of  two  p<iinit>  {i.r.  t^ilher  of  the  points  marked  x 
m  the  fig.  1  b).  It  dejiends  upon  the  poeiiion  of  the  seed, 
fuid  hence  upon  the  direction  of  gravity  relatively  to  it,  at 
which  of  tliew  two  points  the  development  Hhall  take  place. 
As  lo  what  hapjiens  when  Iho  plane  of  the  seed  or  the  axis 
of  the  embryo  is  exactly  rertical  I  have  no  obscrvalioi:s 
la  ofiTer.  These  cases  would  be  particularly  interesting  iat 
eomparitou  with  Ephedra.' 

■  Sttasbttigtr.  'Cooif,'  p.  330. 
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Dunng  the  ilcvclopmenl  of  this  lateral  organ,  tbe  cvttIp' 
dons  gradaally  increase  in  length,  while  (he  hy|>o-cot>lt- 
donary  «lcm  alw  extends.  Tho  reault  of  lhi»  ta  iht;  grmduni 
arching  of  the  upper  part  of  the  itevdliiig  (6g.  3)  till  il  burst* 
through  the  teata.  The  lower  limb  of  the  arch  extends 
more  rapidly  than  the  upper.  The  cotyledons  »re  thus  with- 
drann  fmiu  the  endwpcrtn.  The  point  of  {Wiforatiun  of 
the  iMta  by  the  stem  i»  VHriable ;  it  u  usually  ou  the  oppo- 
■ile  side  of  tlie  seed  from  the  hole  mude  by  the  root,  aud  is 
often  quite  Hpatnt«  from  this  (ti<;.4).  In  other cbgv«  the  two 
perfonttions  run  togi^ihcr  us  a  wide  split  of  the  (csla  Cfig.  5). 

When  frred  the  hypo-cotyle<lonary  stem  Httaightens  ii6elf, 
and  now  by  its  further  extension  the  cotyledons  are  raided 
above  the  Eurface  of  the  soil,  and  expand  as  green  aseimiUt- 
iog  hrHvc«.  Tho  lalenil  organ,  howcTer,  remain*  in  cluiff 
Conne<]iii)ii  with  the  endosperm,  and,  growing  further,  comi- 
picteiy  fills  the  cavity  vacated  by  the  embryo. 

That  the  lateral  organ  we  have  been  describing  is 
means  of  Irannfer  of  nutrient  materiala  from  the  endoKtH'Ttn 
to  the  seedling  i«  ptovct)  by  the  following  fads: — (I)  That 
the  endoApifrni  *till  coniaius  a  considerable  tjuantity  uf 
nutritious  substances  after  the  colyli:dons  free  tbemseUes 
from  it.  (2)  That  tbe  cell  walls  of  the  outer  cells  of  the 
organ  are  not  cuticulurised.     (S)  That  it  is  not  n  prmiu- 
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ntnlly  useful  orKan, since,  when  the  cndi»iH!rtn  is  exhauntinl  it 
■IfO  shrivels.  To  express  this  view  of  its  function,  and  at 
the  same  time  avoid  any  term  bearing  with  it  a  definite 
niorpho logical  idea,  il  may  be  called  tho  "  Feeder." 

We  have  seen  that  the  plumule  in  the  mature  etnbryo 
coitsists  of  a  simple  papilla  uf  tissue.  When  the  cotyledons 
have  expanded  it  appears,  however,  bo  have  developed  fur- 
ther. Ihe  time  of  this  chanze  I  have  not  boco  able  to 
ascertain  ncinrately.  In  seedlings,  such  as  tho««  repre- 
sented in  figs.  4,  t},  the  pitintulc  consists  uf  a  pair  of  lateral 
leaves,  decussating  with  the  cotyledons ;  between  the&e  may 
bo  seen  the  apical  cone  (6g.  i)).  1  have  not,  in  any  of  the 
Mcdling*  grown  at  Kcw,  cb«erved  any  furthtr  development 
uf  tbe  pliiniulit  than  that  drM'rtbed.  The  stKc  and  dirin  uf 
the  pluinuUr  leaves  of  ihu  oldest  seedlings  utm  growing  ak 
Kew  nmr  be  tiathered  from  (igs.  7  and  6,  which  lep  ^ 
plants  of  tim  and  a  half  weeks'  growth.  I'be  cuijled 
are,  as  sutrd,  two  in  number.  In  oue  ease  (6g.  &)  1  oWerved 
three,  but  this  may  be  explained  by  a  splitting  of  one  of  the 
typical  pair.  Moreover,  ihu  po«ition  of  the  Iwu  smaller 
coiyh-dons  in  this  <'  '<  r<';;ard  to  tbe  plumule,  and  ttttl 
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The  form  and  siiw  of  the  coiylcdons  may  be  gatfaeri^  from 
the  6f  urea  7  and  8.  While  stilt  mclos«d  in  the  seed  iliry 
•re  jrcllowish  orange ;  th«f  maintain  thi$  colour  tame  lime 
afiCT  nppciinng  above  the  soil.  Final!)-,  they  V-vomo  Rreen, 
atid  in  thU  condition  they  remain  persistent  for  a  cunsidur- 
able  time;  they  are  at  all  times  glnbroiis  and  have  entire 
stai^ns.  Each  cotjWon  has  two  miiin  erniral  bundles, 
which  run  parallel  to  oue  another,  and  two  luternl  ones 
panillcl  to  tnnc.  Each  of  the  four  gives  off  emaller  Utcral 
DTanches,  which  ana x torn of>e  freely.  I  have  olwt'rved  no 
axillary  buds  in  the  axils  of  the  eotyledi>n»  as  in  Ephedra. 

The  by|>o-cot_vleiloniiry  stem  is  variable  in  Icnglh,  from 
H  to  -ii  inches.  It  is  compressed  in  the  plane  of  the  cotyle- 
dons, and  is  tli^hlly  swollen  just  below  the  point  of  jnaclion 
with  them.  1*1)0  root,  which  is  a  direct  elongation  of  the 
radicle,  ha«,  in  the  plants  already  grown,  atuinod  a  length 
of  4  or  S  inches,  without  a  single  lateral  branch,  with  the 
exception  of  one  case  whrre  the  apex  of  the  root  had  been 
iojuml ;  here  n  liiteral  rout  bad  hi-t-n  formed. 

The  unilwuhli'd  presence  of  a  pair  of  plumiilar  leaves  in 
Welwitscbia  s(t;;^ested  a  comparison  of  the  )onn){  seedlings 
w  itb  the  sroallesi  specimens,  preserved  in  the  Kew  museum*. 
The  resalt  is  the  discovery  of  evident  traces  of  the  existence 
of  leaves,  previous  to  the  large  expanded  pair,  which  are 
characteristic  of  ihc  plant.  Fig.  10  repremnt*  the  apex  of 
the  youngMt  plant  in  the  Kew  collections,  as  seen  from 
above.  Here  may  be  seen,  piocruding  from  the  stem  below 
the  main  pair  of  leaves,  the  ragged  remnins  of  tibro-vascular 
bundles,  which  run  directly  into  the  tissues  of  the  stem. 
These,  from  their  position  anil  npi>arent  course,  point  to  the 
existence  of  a  previoua  pair  of  leaves,  which  have  decussated 
with  the  present  pair,  but  which  have  rotted  off.  Traces  of 
ibeae  may  be  found  in  even  older  specimens  than  the  one 
figured,  so  that,  not  from  one  plant  only,  hut  from  several 
may  be  deduced  the  conclusion,  that  the  main  leaves  of 
Welwitachia  are  not  persistent  cotyledons,  but  leaves  de- 
rived  from  the  plumule.  Hitherto  wo  have  only  seen  two 
plumular  leaves  fornted  ;  wc  may,  iher<!rorv,  tcnsonnbly 
conjecture  that  those  plumnlur  leaves  are  persistent  tut  the 
typical  pair  of  leaves  of  Welwitschia.  The  absolute  proof 
of  this  will,  we  may  hope,  be  afforded  by  the  successful 
growth  of  the  seedUngs  now  living  at  Kew.' 

■  CoaotmiiiK  llie  BKirpliolotncal  ralac  or  tlic  stroeliiret  »c(!ii  bntwcco 
tbt  kavcs  of  the  pbat,  ivprrsmtctl  in  6g-  10,  I  am  aot  at  ptcKDt  to  a 
poshioa  to  BUke  «dj  slatcmcal. 
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V  Uammm  wdiew  fa»  cot  af  tb*  bno-ntrlnluo 
of  Um  leiJIhiy^  tW  UMvcs  will  be  feand  to  be 
imMed  n  the  WkmBg  mnwr :— Ai  ibc  pnipbcrr  df  ll 
MfltMO  w  m  cpidtfaal  !■}*'  willi  cuiraliraed  ouur  wal 
Vta*  waA  thrfc  an  il— ■!■,  wltieb  iIii—bJ  do  special  ootii 
berood  their  fowd  edh  bnc  •^sbtlj  depmeed.  Beneatb 
the  rpidcraUB  ie  a  boAj  ngnler  «attteal  tierae,  is  wbieb, 
nfier  traatnrat  with  atoobol,  m  favad  large  qaanlitie*  uT 
ibc  epbere  crjMab  of  iaalto.  The  snier  lajen  of  i.-«lU  (if 
the  eorticHl  tieeiM  bare,  in  Mue  ones,  eaticainised  walls 
(fft.  IL,  12).  Seuimd  trngvlnli  thn^i  the  coni 
'tin",  but  man  eopecidlj  toniude  the  oslMk  ue 
thjwMmm  oeib.  Tboe  oeenr  MUgtyi  or  in  gnrnpa  of  I 
to  fir*  or  flu.  Tliia  «teiaoAjiaa  ta  doi  very  caaauat 
qsantil;,  awl  was  ia  mom  caaea  KmuhI  to  be  abeent.  To- 
wards tbe  centra  of  th«  Mclkin  will  be  fiMod  fovr  fihru- 
«s*cular  boodlea,  arraoip-d  a*  in  fig  11.  Tbej  are  pn^lUr 
ID  hafiog  tbe  xylem  portioQ  lorsed  toward*  the  periphe 
and  tlw  pUoen  towatda  the  eeatre  vl  tbe  atefli.  Mureuv 
lh»r  xjlen  taik  off  kiemUjr  in  a  maDrter  lepmented  io 
11  bj  the  finca  maibad  pr,  Mf. 

Tm  tmictnre  of  tbe  todindoal  handle  oomf  pond"  ptri 
deeat;  with   that  of  the  leaf  as  deacribid  b^  Ua  liu^ 
allhoagb  not  k>  coapUrated. 

Od  re&renee  to  fig.  IS,  which  rfpreieiiti  tbe  ftbio-' 
bundle  of  tbe  yoang  h*po  catjledanarj  atom  faefcra  exi 
non  takaa  place,  it  will  be  >een  that  the  fint  deT< ' 
xyleiB  elaoienta  are  drawn  out  into  a  long  latt^ 
DpiL-Iupment  brgine  at  the  end  of  ihia  series,  marheil  pr,  ry. 
and  (iioeresaes  lu  tbe  direction  ebowtr  hj  Uie  arrow.     T 
fartber  dcveloptoent  of  xjIimd  occttrs  onlj  oppiMiti<  tbe  la 
funnpil    elcmcnU,  marked    xy,  fijc-    13.     A   larrr  of 
(ri)  ha»e  alrpadj  bnruo  to  diviJe  as  a  ramHiutn  Ujari 
the  oells   between   thJi  and   (hr  nlri>«dj   fbnned    xjlem  are 
beicinning  lo  thicken  iJitii  wall*,  aad  develop  into  xylci^ 
dcmcnu.     Tbe  gioup  of  cells,  with  vpiy  small  rail  cat-i    ~ 
oo  tbe  central  side  of  tlw  canbioiii  lajer,  are  the  protoi 
0^^,  fig.  13). 

W«  ■hall  now  be  in  a  po-<-t'--—  ^-•■:-  •-•        ■    ;-■,,! 
matar«  buudle.      Fig.    I-l   t'  ,.. 

6)itn-T)tscular  bundli!  talceii  tiuiu  a  n 

which   i«    fuHy  extended.     Hm'  ihi  

will  be  seen  to  hara  been  drawn  out  litin  In-  itac  eueutti 
'  'TentkldwabABabHl^'  f.U7. 
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or  the  alem  ;  ant!  ihrir  wll  cavity  lias  been  almost  rom- 
pU-tely  obliieraleil,  io  that  ihejr  only  remuin  its  occasioiml 
irrpcul^r  masses  of  U)fni6ed  wall  between  th«  [larenchy- 
natoue  cells.  In  longitudinal  section  the  ihickcning  U 
■ecu  to  be  drawn  out  into  a  loose  spiral,  or  someiiinfM 
almiMt  into  straight  lines.  The  bearing  of  this  arrange- 
ment of  the  protoi^lem  will  be  seen  when  the  course  of  the 
fibro-vascular  bundles  at  the  apex  of  the  stem  ba«  bvcn 
Iraced. 

The  cunntitui-nts  of  the  xylcin  of  the  hypo-coiyledonary 
atem  are  the  name  as  described  for  the  k-af  bundle.'  It  will 
be  noticed  that,  as  we  pajts  frotn  the  xylem,  throtigh  the 
carobium,  to  the  pbloein,  the  tissues  are  arraiigei!  in  regular 
rows,  pointing  lo  a  development  from  a  cambium  layer 
which,  K*  was  so«n  (Sg.  IS),  raakcs  its  appcnrnocc  rery 
rarly.  A  group  of  sclcicnchymnioun  fibres  »kirt«  the  fibro- 
vasculnr  bundle  on  the  central  side  {J,  fig.  14}.  I'ying 
between  these  and  the  cambium  is  the  soft  bast.  Here,  as 
ia  found  in  the  bundles  of  older  leaves,  the  study  of  the 
tissue*  is  rcnilcre<l  difficult  by  the  tendency  of  the  cell  walls 
to  swell.  NeTcrthelriS,  in  lon^titudinal  seciiont  treated 
with  Schuliz's  solution,  it  waa  {K>>$ible  (o  trace  a  tltucture 
corresponding  to  that  in  the  phloem  of  oihtr  gyuiiioa perms.* 

Particularly  worthy  of  notice  is  a  lateral  extension  of  the 
cambium  layer,  though  varinblo  in  its  time  of  appearance, 
and  extent,  it  occupies  a  definite  position  in  the  stem  (fig. 
II).  In  must  C3U««  observed,  the  layer  ts  intermittent  sh  in 
fig.  14.  In  no  case  were  (here  found  any  vascular  elements 
developed  from  this  meriet^tD.  Under  the  present  circum- 
stances it  is  therefore  impossible  to  say  what  rululion  this 
cambium  may  bear  to  the  process  of  secondary  thickening  of 
the  hjpocotyledonary  stem. 

We  may  now  pass  to  the  plumule  and  cotvledons,  and 
trace  the  course  of  the  6bro-vascular  bundles  which  proceed 
from  them,  till  they  merge  into  thf  four  fihro-vascular 
bundles  of  the  hypocotyliKlonary  stem. 

It  has  bvcn  previuunly  stated  that  there  are  four  main 
bundles  in  each  cotyledon,  to  which  all  the  other  bundles 
attach  themselves.  From  each  of  tho  coiylitlons  accord- 
ingly  four  bundles  enter  the  stem.  This  may  be  seen  in 
fig.  15  A.  Towards  the  base  of  the  cotyledon  these 
bundles    arrange    themselves  in   pairs,  and    finally,   after 

•  Cf.  Ue  Bary,  *  Vcnl.  Aul.'  p.  313. 
<Loc  ciL.  p.  19S.    Bertrsad  ("  Aastomic  dc*  GnMntiN-x,  4e.,"  'Ann. 
d.  ScL  Nat.,'  B^rie  v— xi)  bss  sbo  desciibcd  "  oellulc*  giillsgiics"  in  Uie 
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entering  (he  atenri,  these  pairs  fus*  into  single  bumllei 
(u,  u).  Tlic  xylvm  of  (hoc  buiidli.'?  i»  turned  towanis  thi 
centre  of  tlie  «xi«.  Hach  uf  the  two  leaves  of  the  jiluraule^j 
whoM  median  [danea  are  at  right  angles  to  lUotc  of  ibl 
cotyledons,  has  imo  main  bundles.'  A«  iheee  piireuc  ihci^ 
course  downivnrds,  at  first  thejr  gradually  approach  Ui< 
centre  of  the  otcm  (a  and  n),  tben  curving  suddenly  oui-^ 
ward*,  but  atill  approaching  one  another,  they  meet  and 
funB  (b).  Before  this  suiUlen  curving  outwards,  n  weal 
and  irregular  branch  is  given  off  from  cnch ;  and  the  branchcl 
thus  given  off  from  each  of  the  four  hundK^«  form  a  rinir^ 
which  put*  ihc  bundle  sy^lcmit  of  the  two  halves  of  thf 
plant  (right  and  left  as  the  sections  fig.  15  lie)  in  connec- 
tion with  one  another.  This  ring  is,  however,  very  weakly- 
developed,  consisting  in  parts  of  only  a  single  series  a' 
elemcnle.  It  will  pruhably  in  older  plant*  he  more  strongly 
represented.  After  furion,  as  desciihi^d,  the  bunillea  from 
the  phimuUr  leaves  drtcend  for  a  short  distanre  as  two 
bundles,  which  soon  again  divide  (ti),  and  cnch  of  the  four 
branches  thus  formed  {lasses  directly  to  one  of  the  compound 
bundles,  formed  by  union  of  two  of  the  cotytedonary  hundle^if 
they  attach  thcmsclm  to  these  at  their  point  of  junction^ 
(n)  Immediately  below  this  point,  each  compound  bundle 
thus  formed  bejjins  to  rotate  upon  its  axis.  This  may 
traced  on  coii>|Mirison  uf  the  eucci'ssivc  sections  of  li^;.  !•');' 
the  direction  of  rotation  being  here  indicated  by  arrows. 
The  rrault  is  that  (he  bundles  of  tin-  hvpo-eotjledonaiy 
stem  assume  the  position  previously  describid.  the  xyler 
being  external  to  the  phloem.  The  diagram  (fig.  10)  ma] 
serve  to  make  thccnurw  of  the  bundlen  ju«l  dcwribed  miiri 
intelligible.  We  shall  now  be  able  to  realise  the  poaition 
of  the  piotoxylem  with  regard  to  the  bundle  in  thd 
hypocotyk-dunary  stem.  It  is,  so  to  speak,  a  Ktrcamrr^ 
which  lags  behind  in  the  rotation  of  tlie  bundle)  on  thci^ 
axes. 

As  previously  itntcil,  the  apical  papilla,  which  lies  belweet 
the  two  plumuUr  li^Aves,  wasnot  observed  in  the  case  of  an] 
secrdlinit  to  undergo  a  further  developraenl.  The  figure  11 
r>-preseiits  the  anic^l  coue  aa  seen  from  above,  lying  heiwi-ei 
(he  two  pluroular  Ir-avc».  The  nnvngemmt  of  r«l1s  her^ 
shown  presents  no  point  of  special  itilen-t.t.     1'  uili 

on  (he  whole  with  (lie  apex  of  others  of  the  eoi< 

■  Tfan«Bel(ibeunnor>r«nkprpainilUt<raibuadlnui  laeh  iilumu 
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la  longitudinal  acctionsUw  vptilermis  does  not  ap[>e«r  its 
■  reguUr  Uyet  covering  ihe  ajticml  uoiic.  Whether  ihia 
eone  does  derelop  further  or  nor  I  havi!  no  v*idoncc  to 
prove.  In  the  joung  plauls  preserved  in  K«;w  ihtrc  are, 
however,  to  b«  ecvn  two  conical  structures  l;in^  between 
the  plutnular  leaves.  It  miist  for  the  present  remain  un- 
decided what  the  morphological  value  of  these  i«. 

In  the  structure  of  the  cotyledons  there  is  little  of  iin- 
porUnce  to  notice.  The  nrrangcmcnt  of  tiHues  is  nearly 
the  iamc  on  both  sides  of  (he  leaf.  Bolli  the  epidermal 
layers  of  the  upper  and  under  surface  hare  stomau; 
beoeath  the  epiderinU  is  on  both  sides  a  double  layer  of 
pallissade  cells,  and  between  these  a  spongy  tissue.  The 
maia  fibro-vasculur  bundle*  show  a  structure  similar  to 
those  of  older  leaves,  though  less  complicated.  Tbcrc 
arc  no  spieular  cells  to  be  seen  in  the  parenchyma  of  the 
cotyledons,  but  along  their  margias  the  cells  are  slightly 
thickened  in  a  colleiichymatous  manner. 

As  they  pus  down  the  hypo- cotyledon ary  stem  the  ar- 
ruigviiraot  of  the  butidle*  doe*  not  change;  their  course 
bsing  strictly  parallel  till  the  point  is  reached,  where  the 
feeder  extends  laterally  into  the  endosperm ;  here  two  of 
the  bnudlcs  curve  towards  the  organ. 

It  was  seen  that  tbe  feeder  appeared  exlemally,  oa  k 
lateral  protuberance  on  the  liyj>o-cotyledonary  stem.  It 
remains  to  be  decided  what  is  its  structure  and  morphu- 
logicnl  value. 

A  longitudinal  section  through  a  young  seedling  whose 
cotyledons  have  not  yet  been  withdrawn  fioui  the  seed, 
may  be  cut,  so  as  to  include  the  median  plane  of  the  feeder, 
as  well  as  tho  axis  of  the  embryo.  Figure  18  represents 
such  a  section  taken  from  a  seed,  which  bad  been  sown 
flat.  The  dark  lineii  here  indicate  the  course  of  tbe  fibro- 
vascular  bundles.  The  position  of  the  feeder  is  seen  to  be 
ctpposite  the  swelling  of  the  colUr,  and  this  miiiks  the 
place,  which  it  holds  relatively  to  tbe  mature  embyro.  From 
the  bypo-cotyledonary  stem  tbe  epidermal  layer  may  bo 
followed  up  to  the  apex  of  the  feeder,  which  it  covers;  the 
epidermal  cells,  however,  alter  their  form,  being,  as  the 
apex  is  approached,  more  and  mote  drawn  out  in  the 
direction  parallel  to  the  axis  of  the  feeder.  A  like  change 
maybe  tracedin  the  parenchymatous  cortical  tissue.  Thecells 
of  the  lallei  are,  in  tbe  hypo-colyledonary  uti'm,  arranged  in 
regular  longitudinal  rows  ;  these  may  be  followed,  as  they 
curve  into  tbe  body  of  the  feeiler.  Here,  however,  their 
regularity  has  been   disturbed  by   divisions  in    directions 
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both  Ungeotinl  antl  ttnnsvcrcc.'     Stilt  the  iierial  arranp;e> 
meat  may  oflcn  liv  followed,  and  even  at  the  aiwx  of  tb 
feeder  mny  bv  se«n  traces  of  itt  more  espet-jallj  lowar 
the  middle  of  the  organ  (fif;.  19,  ihe  rprirs  arc  muld 
by  letters).     Tiiere   U  no  libro-vtisculnr  syati-m  1>clongin| 
lo  the  feeder  itself.     Tho  bundles  of  the  hvj«>-cniyledonary 
mem,  curve  outward*  (fig-  18),  but  give  off  no  branch 
At  the  point  of  greatest   eurvnture  there  me  lo  be 
irregulnritic*  of  the  reticulated  oonstitucnU,  vrhicli 
nUo  to  have  been  drawn  out  laUTalljF  (fig,  20). 

We  see  thrn  that  the  feeder  is  a  slruemrt!  formed  by  i 
lateral  exteniiioji   of  the   tissues  of  the  h))>')-eotyle(lon: 
Stffm,  acconi[>aiiiud  by  cell  divisions.      Its  origin  is  dee 
than   Ihe  epidermis,  but   it  has   no   bundle  system  of  i 
own.     It  is  also  an  adveniitiaus  structure.     It  is  thi-r^fi 
to  be  ooDsidcicd  morphologically  as  an  emergence.     Tbers 
arc  no  solerenchymatous  elementa  iti  the  feeder.     All  its 
ttssuei,   but  more   especially  those   at  the  apex,  are  ihi. 
walled,  with  transpttrent  jirotoplasni  and   a  fine  nucleu 
The  quantity  of  siuich  increases  as   we  recede  from  th 
apex,  till  close  by  the  (ihro- vascular  bundle   thu  cells  ai 
de»>«ly  filled  with  it  (compare  figs.  1£)  and  20). 

Almost  immediately  below  the  feeder  the  transition  from 
tho  stem  to  the  root  type  of  structure  occurs.  As  descritx-d 
by  Sirasburger  for  others  of  the  group  of  the  Oymn 
Rpeims,'  the  epidermis  in  the  mature  embryo  eovers  t 
hypo-cotyledonary  stem  ;  but  as  we  pass  toivards  the  apex 
the  root  it  cea*cs.  The  succrsKivc  outer  layers  of  the  Tool 
c.ip  arc  the  outer  covering  ofthe  body  of  the  root.  Id  \Vi-1> 
witschia,  as  in  Ephedra,  &c,  there  is  no  dcTclomenl  uf  a 
pseu do* epidermis  like  that  in  Taxus.  Aecordiugty,  in  tlie 
seedling,  since  the  feeder  is  dpvelopeil  at  the  base  of  the 
hyposrotylvdunary  stem,  the  epidermis  is  found  lo  ceaM  im- 
mediately below  it;  and  it  is  even  difficult  to  trace  an 
epidermal  layer  on  the  under  side  of  the  feeder. 

The  first  change  of  tho  arrangement  of  Ihe  Gbro-rascular 
systrm,  in  pasiiiig  from  the  stem  lo  the  root,  coitsisw  in  the 
extension  ofthe  phloem  portion  of  the  two  bundles  nemrcat 
one  another.     These  finally  meet  and  coalesce  (fig.  15  o 
Meanwhile  they  become  E«p«r«ted  from  the  xyU-m  poriio 
Tliew  latter  also  pair  ulTand  coalesce  to  farm  the  two  xvle: 
masses  ofthe  rt«i  (fig.  loo,  n).     At  apoint  where  the  phb 
masses  have  already  fused,  but  the  xylem  masses  an  a 

'  Tliv  irrtna  srr.  Iirrr  uxyl  as  rcTcniag  to  Uis  asia  of  llic  pbuit. 
'  'Conlfera.'  jif.  SOd,  &C. 
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tW  nrticsIntMtMB  of  the  ««1I« 

.  cxMaHiffroBB  tin  ndnd  to  tbrtangeatiU 

T*"**g*     lnfifim»    fint   oppontc   tlie 

wall  of  Ut»  u  thr  cuitiiig  off  of  ibe 

tffa^K  Ai  I  iilJiinni  '*  Mcio*  lo  tvoUc  down  aad  >etarala 
fc^  i&e  Utter  ;  »imS,  ••  to  Af.  iti,  tbc  pn>crs)  i>  first  »ra 
■fpKt*  Urn  pblomt  maaw*.  Tli*  6nal  rrsult  is  tliat  the 
■Unl  rytwutrr  ia  eompI«t«ly  luil  bam. 
.  Wc  mny  iww  turn  to  the  comidenlioa  or  the  crntnil 
efimia.  A>  b«fcjr«  tneDtionrd,  the  buuille  Ehcadi  is  WT|tii- 
nted  frrnn  th«'  vmsruUr  tiMucs  br  ■  pcricunbiutn,  two  or 
Itiree  U)n  of  c«Ui  tliii'k.  Within  this  «r«  irnnj^il, 
■nriHnc  la  tk«  u*u«I  rnni  type,  tht^  twu  xTl<*m  and  two 
1«ii|t«n  nuuvea.  Witti  r<«|M.'ci  tu  ihi-  c<m»liiiti-nt*  of  these 
I  L.TcnornQArk*  tu  olfi-r,  iiiL-v]>t  Uiu  the  phhii!intis!iura)ir«, 
tiiidi  a  vcr^  vbtIt  ■tnge,  comprcsaed,  SO  that  their  ct-ll  wmlls 
■IV  imgalfiTly  fiililei].  TbiiTe  is  it  the  centre  a  parpnchy- 
BMinDi  pith,  Slid   I  li  '  '  obsrrvfd   the  ri^tmrclion  of 

tllf  tTri  ■ivl'-ni  mn"H  ■  , ,  im  us  to  fi)rin  a  >iii^li;  pUlB,' 

.'wrtnind,"    vlio   l>u  kimulj   mrcstif^nl    llut 
1.  'Aea.  A  Set.  Aa(,'  ^jcrie  r — u. 
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In  t1i«  p.irrnchf  ma,  which  thus  wparatM  all  the  foot  nt 
}»T  tRKntea,  arise  two  ioiim  of  csmbium,  one  sumiuiiding;  ea 
of  the  xjlem  masses.     The  furthpt  dcvplopmrnt  which 
lake  place  is  unknovrn  to  me,  sinoo  fig.  SI  tvprcs^nu  h 
ttOD  from  the  root  of  the  olilcst  ccediitig  as  yet  examined. , 

It  will  be  noticed  that  the  outer  latere  of  ihepertcamV 
dinde,  and  that   the  process   begins  opposite  the    plik 
maaaes,  ihoa^h  opposite  the  xylem   they  remxin  for 
time  undivided  (fi^.  Ht).     This  corresponds  to  the  fiict 
viously  noticed,  that  the  complete  cuticuUnsaiioti  of 
bundle  sheath,  and  throwing  offof  the  cortical  tissue,  are  lal 
opposite  thi?  xvlem  than  at  other  points.     Bt  this  dinsio 
of  the  pericambium  a  secoudarj  layer  of  protecting 
chyma  will  be  afforded  to  tl>c  centotl  cylinder. 

It  may  here  bo  obscrvetl  that  no  development  of  late^ 
roots  has  been  found  in  the  young  seedlings  of  Welwii 
with  tht^  exception  of  the  one  abnormal  case  already 
Itoiied.     Immrdiatcly  aboTC  the  injured  apex  a  laleial 
bad  been  formed ;  but  I  had  not  the  opportunity  of 
vesti^ating  the  biaiology  of  this  lateral  root,  or  iu  mode* 
origin. 

CtMeiution. 

The  general  reault  of  these  oh«ervationa  is  to  show  tl 
in  its  early  stages  of  development,  Welwiischia  correspoc 
with  thoee  plants  to  which  its  alliance  has  already 
defflonatmted.  K*|KTiaUT  striking  if  the  similarity  betv 
the  germination  uf  Welwiivchia,  and  that  of  \ 
titrnpylopotla.  a  similarity  which  may  pott^bly  be  found^ 
to  hi-  even  closer  than  as  yet  recognised,  if  opportunity 
be  afTanled  for  further  experiment  on  the  variations  in  the 
proreas  nf  germination,  induced  by  iba  maition  in  which  Iha 
»ped  is  sown.  Kxternally  the  csae  of  Wdwitsckia,  as  teen 
in  fig.  ft,  n-vemhlM  thai  in  iuiiaAw  nwyyhyiirfa,  when  the 
spcd  i*  Mtwa  Sat.  It  would  M  imtensUDg  to  know  if  there 
bo  in  Kphedra,  under  any  nrcamstancas,  ■  d«v*lopmeot 
anah^ua  to  llie  feeder  of  Welwitscbia. 

A«  to  the  morphotoeical  value  of  the  Utter  organ,  it  has 

ai'  ' 


ttai- 


be  formed  by  the  lateral  uteostea  nf  the  eurtical, 
iial  tiasaee  of  the  hypo-«ilyM«Mry  st«m; 
^mpwued  br  divtnons  of  the  cella  i 
nKwyhahicical  value  is  then  that  I 
lt>   pbyaiuhiipeal  fanciion   is  plaialt   that 


•eeilUng.     In 

•I  l|lm*ft)tyilW   •!'   nuitiiiti-   Fiuii',  nitEn   riiniii   un    ht  ai 
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•pecUlIf  modifipd  or^ii,  devulres  rithcr  on  r^ura«I  cotyle- 
dmti  (tg.  I'aliiise,  Gramineie,  C}C*s,  Oitikgo),  or  ou 
ImmMotw.  specially  developed  from  the  su«pi-iiHor  (Tro- 
pmliini).*  If  iv«  turn,  however,  to  the  vascular  Cryp- 
togaim,  we  sliall  ho  able  to  trace  n  piiriillelism.  la  S«la- 
paella  we  have  a  case  nbich  is  virjr  similnr  to  that  of 
Welwiucbia.  There  the  hrixi-cotyledotiary  slem  grows  out 
laiertUjr  to  forro  the  so-calieu  Toot  of  Pfefier.' 

>¥bAteTcT  may  be  the  embryo-genetic  relation  of  this 
ftructare  to  tbe  otlur  parts  of  ib<!  embryo,  as  com|Mrcd  with 
the  czte  of  the  Filicineie,*  still  the  fact  remains,  that  in 
Selagioella  the  so-called  foot  is  produced  by  the  lateral 
exteosioD  of  (he  itHHim  of  the  hrpa>cotylcdonary  stem,  necom- 
panied  by  cell  divisions  in  the  cortical  tissue.  Further,  on 
examining  tbe  figures  of  Pfeffer,  it  will  be  seen  that  the 
•nies  of  cells,  though  slightly  complicated  by  tangential 
diTUio&s,  may,  »  in  Wclwitschiii,  be  traced  cnrving  out* 
vaids  into  ihe  lateral  organ  ;  and  Miic,  iu  in  Wcluritschia, 
there  ia  no  fibro-vascular  bundle  peculiar  to  the  organ,  we 
tee  that  tbe  correspondence  from  tbe  biatological  side  ia 
complete.  The  correspondence  between  the  two  organs  i* 
also  perfect  from  the  physiolc^cal  side.  The  only  diirenmce 
thea  K«*  in  the  time  of  appenrancie  of  the  two  organs,  and 
thu  oaty  a  natural  result  of  the  difference  in  position  of  the 
latent  pcrioi)  in  the  cvcle  of  life  of  tbe  two  plants.  While, 
then,  tbe  feeder  of  ^V'elwit«chii|,  and  the  eo-cniled  foot  of 
Selaoinella,  must  be  con^ider^d  as.lhcanulutfurs  of  the  fool  of 
the  Kilicineac,  when  regarded  frpia  tbe  physiologiciil  point  of 
new,  still  (holding  as  1  do  that  the  term  foot  implies  nu 
embijogenetic  flation  to  the  olber  parts  of  tbe  embryo,  and 
ance  the  feeder  does  not  bear  that  relation  to  them)  I  have 
avoided  using  tbe  term  foot,  and  »upplied  its  place  with  a 
oame,  which  implir*  no  prcconc<'ivpil  mor|ihoUigical  idea, 

Braides  the  so-callcil  foot  of  SelaginelL,  thi-rc  is,  in  the 
higher  plaut-i  also,  a  parallel  case  to  that  of  Wiilvrii.ichiH. 
But  tlic  coirc-spondcnce  is  here  only  morphological.     In  the 


^^^. 


Dkkaoa,  "On  Ea>br;osetiy  of  Tropiealiiin,  kc,"  'Trans.  Roy.  Soc.' 
187S.    It  matt  be  noticed  tlwt  ucra  the  nutritive  tubalaucn*  are 
Atmllieearpd. 

*  'Bot.  A!bk.'    Hcrauvjtej^bnn  t.  lIimitDin.    Iluft  i. 

*  CT.  Vines,  'Quut.  Joam.  Miot.  Sei..'  vol.  iviii.  New  Serits,  f.ij. 
Tha  oatalioo  'if  bomolnsj  of  the  flll^IH-D>or,  lliere  di«cu»c(l,  *c«mi  to  de- 
p««d  apoD  tbe  dcHnilion  of  tbp  term  loot.  It  it  implirs  n  (.truAnrD  dn- 
fimel  to  m««i  >  (crtaia  (^ffiolosiciil  need,  tbR  feeder  would  fall  undEr 
tka  deSnilioni  if  it  be  <ucd  to  im ply  a  utraclurc  vhOM  embrjoeeuHjo 
icktiou  BR  constant,  I  do  not  kc  ho«  llie  Mgtin  in  Sclaginclla  or  in 
Vcfarilackis  can  bo  indndcd. 
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C'iicurbilftc«>tc,  there  h«»  been  described,  by  M.  Ch.  Vlnhi 
a  lateral  ^iTUctiire,  the  nccvuiit  of  wliirh,  given  b]> 
shows  that  it  is  ;hv  morphologinl  equivalcat  of  the 
of  Welwicx-hta.     M.   FUhauU   ascribes   to  it  eimp| 
ini-chitiiteiil  furicitori  of  aasistin^  the  e»ciipe  of  the  cot 
from  the  testa.     Since  the  seeds  arc  oxalbuminuus 
not  surprising. 

A  similar  structure  is  alito  described  by  him  in  Mint 
talapa,     Thouf;b   in  this  case  the  seed  is  albuminoni,  i 
M.  Hahault   ascribea   to  the   luternl  organ   a    mrcliftnti 
function  only,  as  in  the  esse  of  its  hotnologuc  in   i!ik 
butninous  seeds  of  the  Cucurbitiicfx.     Darwin'  ffive^  fui 
experiment*,  with  Hkutcr,  nn  this  "  heel  oi  peg '   nietil 
other  pUnlR  (ilim&ta  pttdi'ca,  Abronia  umheilata)  in 
similar  structures  are  formed.     In  none  of  thefc  cas 
Rver,  is  a  function  ascribed  to  the  pr)c,  similar  to 
WelMitsohia.     Regarding  the  case  of  Welwiischia  fiom 
mechanical  point  of  view,  it  is  evident  that  here  tlte  fvi 
tioii  of  hdpinj;  the  cotyledons  to  liberate  thi;m«rlvoK  fr 
the  testa  is  more  perfectly  performed  than  in  the  VMet  d 
cribed  by  Diirwjii,  since  here  the  hold  of  the  feeder  (ml 
endosperm  and  tvsta  is  much  more  firm. 

Wo  have  now  noticed  a  number  of  plania  in  which 
oul^owth*  of  the  hTpo-cotylcdonary  stem,  having  the  sail 
morpliolo^iral   valne.     In  the  light,  howi-n-r,  of  ibn  faC 
brought  furnard  by  Darwin  (tor.  ril.,  p.  lO-l),  rej^rdinft 
inconstancy  of  the  presence  of  the  peg  in  the  ('ucutliiiac 
and  indeed  of  emergencies  generally,  it  seems  imprubs 
that  tre  have  here  a  case  of  survival  of  an  ancient  for 
but  rather  of  individual  adaptation. 

The  peculiarity  in  the  arrangement  of  the  fibro-vascnl 
bundle*  of  the  hypo-cotyledonar)-  stem  is  easily  pnt  in 
tion  to  the  bundle  ayiitem  of  other  pUnts,  

The  transition  from  the  ntcm  type  to  the  root  type  of 
bundle  is  elTocied  in  most  plants  by  a  double  process,  the  two 
parts  of  which  are,  in  most  plants,  nearly  simuliancons. 
They  are  (1)  a  rotation  of  at  least  a  part  of  each  hundln  on  its 
axis  ;  (S)  «  seikaratiou  of  the  phloem  from  the  xylem  (arrnm. 
panied  or  not  by  splittings  and  fusion*).  In  \Velwil»cl^~^ 
the  two  |Mirt»  of  the  change  are  diilinri  nnd  spparatp. 
drill  (i.e.  lutaiion  of  the  bundles  on  t'  ;  octurs  imi 

dintely  below  the  junction  of  the  bui'  m  thit  plum^ 

and  cbiTledons,  while  the  lalirr  (i.  «.  fusion  nf  phloem  h; 
xylvQi)  LB  Effected  approxitnalely  at  the  point  where  t)i«  til 

'  '  Biillstin  Soc.  Itol  ife  Fnuw.'  voL  3*,  p.  KOI.  1677. 
*  'TtoUonMnUof  Plaats,'  Is^iO,  |i.  108. 


prrra*  which  bave  •  df^arcli  buntllK  «yAirm. 

the  buudlu  sFKteni  vf  the  root  o(  ibe  young 

of  the   older  rout  rctimins  still  to  be  du- 

Rgwd  to  the  ftlumule,  it  will  be  seen  that  the 
lent  uf  tltp  two  |>lu'iiular  leaves,  deciiBsaiing  ivjili 
ins,  IS  «  facL  wliirh  is  in  complctr  accordaocp  with 
place  ia  «  naniWr  of  conifcrur  anil  giictnccK  (c.  g. 
nr'Sits*  CvphttlolHXUS).  CoiipliDg  (Ue  preM>nCe  of 
It^avm  wiiii  ihe  remnnnts  of  ihe  leaves  found 
prtserTed  in  llie  Kew  cnl lections,  we  are  led  to 
.fb  ttiH  ulder,  nnil  cunffi-ii-dly  pn>risioiijil  vjci*,  tlmC 
lie  pUnt  of  ^V(rlwit■el)iJl  U  a  B<^edliu]{  uirtrniii)  in  its 
'c  fitnn.  We  now  regard  it  aa  extremely  prolwble 
b  not  directly  proveil  as  TelJ  that  tbe  cotyledons  of 
htk  wither,  wtiile  thv  two  first  pluinuUr  Icutcs 
peraifitent,  and  arc-  the  only  two  leavn  developMl 
le  plumulr.  Tbe  further  liisiory  of  ihe  laller,  and  the 
ilagiral  valae  of  the  structuiex  which  npp<-ar  between 
mular  leaves,  I  hnte  not  yet  brrn  able  to  determine, 
ill  he  noticpd  tliat  tbcrfi  arr  still  Urge  gaps  in  our 
Hlge  (if  tbe  dcvrliipmi-'iit  of  Wclnitschia,  while  several 
ol^cal  and  histological  tiue&lions  of  f{reat  interest 
aaanaw^red.  The  study  of  somo  of  these  problems 
to  be  able  to  undertake  later,  with  tliv  help  of  frosh 

fusion,    I  fnii«l   acknowledjce  my  thanks  to   the 
m    the   Jtojal   Gardens  at   Kew,  and  (o  Mr.  W. 
Djvr,  lot  tbe  supply  of  materials,  and  use  of  the ' 
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I  tbink,  faowerer,  that  the  two  accoaots  nay  be  barm 
ised  by  the  mpposition  that  Mi.  MoDteiro  has  made 
very  natural  mistake  of  regardiog  the  feeder  of  Welwitsc 
as  the  homolt^ue  of  the  cotjledoD  of  Commeleyna.  T 
Buppoaition  is,  moieorer,  sapported  by  the  fact  that 
describes  the  "  plumule "  as  dereloping  "  two  germi 
leaves,"  which  from  his  ^irther  dewription  are,  with 
doabt,  the  stmctares  which  I  have  throughout  called  co 
ledoos.  To  ascribe  to  the  trae  cotyledons  a  plumularori 
u  the  natural  result  of  regarding  the  feeder  as  a  cotyledo 
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('r,fHAJxipnnT»  waa  divided   into   three   ordcra, — I. 
lotitln^aiichta ;    li.    Sipfiom/irei  :    III.   Foramtni/Tnet  ,• 
(if  lb«M  ihc  lut  twu,  nhicli  comprised  MuUubo  wiib  cii 
t>i-n-d  »hf!l1«,  were  di«tini;iiiNUcd  frum  cacb  other  by  the] 
phtmifirei  having  the  sefila  tisvetsed  by  a  conltnuoua  li 
«  hiUl  in  the  Foraminiferet  thir  chambers  coromuiiicam) 
fdi'li  other  by  nn  aperture  or  foramra,'  or  by  several  audi, 

Thitrc  »  littlf  in  d'Orbigny'a  cIa.Miific«lion  or  in  Lis  JnO- 
liilluri  of  tbv  Order  that  coromeiidH  itself  to  the  «tudcDi  of 
ttiK  pre»rnl  dar,  and  it  is  even  orobable  that  the  torn 
"  Forum inifpta  '  w  more  commonly  associated  with  tli« 
aoiifrnl  pcrforntinn  of  llii;  shclUwall,  which  is  a  conspiciuias 
h'utiito  iif  n  tiiii){li'  i^up,  llian  with  the  clinractcr  it  was 
(irlKitiiilly  >!i'«ij(tied  to  indicate;  neverthele»n,  it  is  cvrtnia 
ibiil  on  other  name  which  has  be^n  suggested — wbitbrr 
y/Ai-'iu'oM'^,  Simftlreloirirrtt,  PiJtfpodrt,  Trcmatojxhirru, 
A'ifhwumlft  or  i'oiylAaJamia — han  found  thr  same  accept- 
aiti'ii  nimiiiK«t  naturalists.  The  term  Potylhalamia  has 
laitit  ndoptrd  by  Ehretihcrg,  in  hia  voluminous  UEatit»v, 
anti  ti)  some  i^xlmt  alito  bv  Max  Schultzc,  but  by  otiieri  it 
Itua  Im'cii  M'hlimi  vmphiycil  vxci'pt  an  an  alternative  name; 
and  ll  !■  «'|>»n  to  the  wbjeciiou  that,  i^iymologicAlIy,  it  is 
«rnu-i-|y  H|i)>lii'ahU'  to  an  A»seitiblagO  of  or^nismt  of  which 
H  liul  ItH'onvidorabltt  piojKiition  are  monollinluninus. 

U  wtay  tw  «)ut>siioiied  whvlhcr  our  ktiuwlodj^  of  tba 
ttYHCtiirv  and  Itff^hivtory  of  the  animals  conHiiluting  tbi 
Otdt'i.na  dlsiiiict  from  their  tests,  is  sufficieuliy  cxtendrg 
|t>)  )iMT|i.>i(r«  i>f  ttomeuclalun! — the  number  of  areuaooHil 
t,  o\m«i'li\  i-outvriiin^  which  wt-  bate  any  recortlnl 

v>  ill*  en  li»iu|t  si>ei-imvii»,  i»  very  sman — hut,  so  fiu 

Kft  I*  tinvwis  th«  lenu  **Kbi«»piMia  Reticularis,"  iuggcstad! 
\\H  IV  r-"'"  >""■'  and  arcv|tlvd  by  Prof  F.  E.  Scfaulxe  aiul' 
wlwt*.  t»  *|.pn»priai*. 

Al  iW  ^^'yy  '!<•>*  *v  ■■*"y  lyaw Vr  that  it  is  to  d'Or- 
t.iK>>^  »f  k'Mv  ttt*  ItrM  rvraiputract  of  tbe  Ponninifera  as  a 
.'<>iHt1Wt  |>v^r>  ^  **U  ■*  *^  fftttttbrt.  whicli 
itnt  ItttlMtW  w  ibru  iiMJafJiai  Mndy,  and,  ia 
ihi>  aftHMM  le  ibc  oantmy,  rule  and 
i>   >'■'■  aanfAMM*  af  the  name  gina  bj 

^^^MBs  «f  fharifcaliBfi  of  tlic 
'<•*  Mtsbmbk  ■oaao  ao  tbe 
m  af  tW  ^n  Pawiiiiftra, 


,■ 
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eo  OS  to  cofrM)ioiitl  witb  Dr.  Carpenter's  Rtib-ord«r  Per- 
foraia ,-  but,  as  has  bren  before  slated,  the  term  does  not 
irfcr  to  ^ncral  shell  •pt-rfo  rati  on  but  to  the  exUtenrc  of 
*tn  Ion  iff  rolls  urilici's,aiid  in  this  t^-'ntv  it  is  equally  true  of 
all  pol) thalamous  forma  wheihL-r  otherwise  "|>erforate"  or 
"  im|»erfoiate.'*  J»or  is  there  much  Tiolence  to  d'Orbigny'a 
original  idea  in  acvrpling  thr  orifice  of  Lafftna,  or  analo- 
goua  t^prv,  a*  a  "  fiiramen,"  ihuiigh,  in  the  ubMince  of  « 
■uccession  of  chambers,  it  serves  only  for  the  passage  of 
Meudopodia.  On  these  grounds,  iheiefore,  either  the  term 
Forammi/rrai-Avrirvd  from  the  shell  or  other  investment,  or 
Jteticilaria,  xugijesled  by  the  (Ii»linctivi;  character  of  the 
•arcode-body,  it>  *  »iiflicieiitly  accurate  designation  for  the 
group. 

The  Foraminifrrea,  irealei]  n*  nn  Order  of  Cephahpode*, 
wpre  divided  in'thc'Tiiblcan  Mi-thwJiqnc' (18gt>)  into  five 
fimilies,  based  upon  the  mode  in  which  the  segmenla  nera 
combined  to  form  the  polythalamous  shell.  After  the  dia- 
eoTcry  of  monothalamoua  forms  like  Orbulina  and  Layvna, 
and  the  rrcogniiion  of  rycliciil  tj[»c«  «uch  as  Orbiloltlft,  ivro 
nvw  families  were  coniitilutcd  fur  their  reci^ption.  lu  the 
meaniiroe,  however,  the  researches  of  Dujardin  had  made 
known  the  Uue  nature  of  the  organization  of  the  Bhieopoda, 
and  bad  necessitated  the  removal  of  the  pToup  to  a  lower 
position  in  the  zoological  srnlc.  Hence  in  d'Orbigny's  later 
wotka,'  th«  Fvramini/rrea  constitute  the  4tb  Class  of  j£oo< 
rams  (2nd  Dirision,  "  Zor,j>hytea  Ololniltuz,"  placed 
between  I'olypiers  and  Infufotrct),  and  are  divided  into 
aeren  orders  iviih  characters  which  may  be  briefly  aum- 
maiised  as  follows : 

Order  1.  MoKOsiKOtiKs.  —  Sbell  funned  of  a  aingle 
cbamber. 

Order  t.  CrcLon ftooKS.  —  Shell  discoidal,  composed  of 
concentric  lines  of  cells,  simple  or  multiple  ;  never  spiial. 

Order  a,  STtCHosTEOUKs.  — Shell  fonned  of  chnmbera 
joined  end  to  end  in  a  straight  or  curved  line ;  ne?er 
•piral. 

Order  4.  Hklioosteodxs. — Shell  coinpoaed  of  chambers 
in  a  single  siries,  Hpirally  coiled. 

Order  h.  Kntouostegle*. — Shell  composed  of  chamber* 
arranged  ia  two  alternating  aeriea  and  spirally  coiled. 

Order  6.  EsAH-ositeOKS. — Shell  c«)m|io«ed  of  chambers 

■  "  Ceati  filterntsire  ile  rsUontotogie  ci  de  Oeologie  Slrstiftcaphiqnes,* 
TCLii.p.  U9.    Puis,  I^S3. 

VOt.  IXI.— NEW  SBR.  O 
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Whilai  ih«r«  tre  catUid  adranU^M  lo  W  derival  bam  ■ 
^*lr  ■rtifteul  amngftmeot — u,  for  example,  tbe  Ijtiiiw 
fflMMmtfam  of  planli — it  ii  teldnm  ibat  sncli  b  mmOtai 
an  h»  adopted  withoal  violraee  in  on«  war  or  other  u 
mantfMi  naiuial  affinitiea,  and  the  lownt  diriiioiM  of  |)m 
antrfi;tl  »»>!  vv{(Hatile  kitigiltims  are  perhaps  Irsst  irf  all 
Miitril  f'lf  lU  iriirftdurtion.  The  chief  difficaltiea  chai 
ikw  ■inilMit  of  iTuri-mntic  zoology,  when  ramgcd  npoa 
hiw  typM  of  BUKiiii)  liTf.',  arue  from  the  wide  rat^:f>  of 

ph>ul'i](iriil  vaHalion  he  ta  obliged  to  admit  within  tbe  '      

aMtsowl  to  »[M-ciu<i;  and  although  ihcro  i«  a  gn-at  tii£"r""'^ 
In  ni0W<ml  fprntra  a*  to  the  degree  of  (lerniience  in  i^ 
t'f  •  ':vnTntU^T»  of  their  «iibord!nate  forma,  it  n. 
fn..  >[<'i|  whether  "  iiiecii^B,"  in  the  sense  in  whu 

Wffol  ■•  tightly  iipplicd  to  nriimaUof  more  complex  ot^anisa- 
Itifri,  ran  !>■'  auiil  lo  i-xi*i  nmongit  the  lower  Trotozoa.  Ii  ia 
Wily  at  wf  h'lirn  lo  tfCOnuUff  the  fact  that  aiaoDgst  th«  Uhi- 
tuf(i«rta  (hi-  «f-rallftd  "  upecics"  reprc&ent  no  more  than  liTm* 
Iff  a  M'Tlx*  of  which  very  frequently  every  tnte/mcdiate  link 
iwii  U  iitpiillrditliiit  wo  arrive  at  anyju»t  conception  of  their 
rrlrtliiiii>hi|i.  Thi*  lM-ing»o,il  in  e any  to  lee  where  a  parety 
■  rilflf  lal  (!|a>ii>ili<-uiion  niimt  inovilahly  break  do><rn ;  ana 
llniiiKh  tlif  irOrhiDiiian  achcme  was  a  fair  attempt  to  dval 
wtih  n  !("'•<  "■"**  of  raels,  collected  hy  ita  aathor  with  in&- 
iiIKi  lalMtUrJt  ba>  nnw  ci-um^I  to  Iw  oftorvice,  nnd  has  fallen 
llilo  ili-Hiii'Indo,  ll«  defNtB  are  loo  obviouo  to  nc4,-d  comment ; 
|l  hud  mini'  iif  that  clinticity  which  ni\es  to  it  HVfitem  of  cla*- 
•inoalloii  ihf  «<li<Miviil  <jf  pi-rmanunct-,  atid  which  can  only 
•<«1*|  ill  pii<|»irtioii  Id  tho  di-grcH^  in  wliii'li  it  is  based  upaa 
lialiHiil  iillliixy  iMiil  ihi'  natural  st'i)iience  itf  fuimK. 

Ill  ihii  y«»i    IM^'I    I'rorvsflor   Max    Schulize  publiih.-il  his 
rh>K»l>il  iiK'iiiirir,  '  L't'tn'r  ib-n  Otgiini)<muK  dui  Polythaluti 
(I  ii),'  unit  with  it  nu  exiMuitinn  of  his  tiow* 

tl '- iion  of  the  Khtmpoda.     His  concluxiims,  sai 

iiiiiiloiil  III  i>  •I'liiKiiii-iil  table  at  tbo  vnd  of  the  virlumo, 
biivlly  H>  >  "  ''     '"  da  are  ilivith-il  nw 

Niii'<  nii'i  '  wlih  the  "I  .  h(( 

I' 
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sulHliviileil  iiitn  tliri^r  fiimillcs,  the  oilier  into  anrrn,  and  the 
priiiripAl  genera,  jierliups  nil  ih:it  were  then  kiionii,  are  ilti- 
Ciibuteil  amonoft  these.  Profi-Siior  Max  Schullze's  scheme 
U  chnr.ictcrisfd  by  a  somewliat  wider  grasp  of  the  subject 
than  lis  pnAeve%90T;  hut  with  our  present  knowledge  thore 
is  liiile  to  be  «aii]  in  favour  of  a  classili cation  that  places 
OrbtJina  ant)  Lagma  in  oneofitti  two  piimiiry  divisions, and 
Gloiifferina  and  Nodotaria  in  the  other,  or  wherein  Nodo- 
tana  and  CritlrJIana  are  to  be  found  in  different  fntnilicA. 
There  was,  in  fact,  no  practical  ndvaata^c  to  be  derived  from 
it,  and,  so  far  as  1  am  aware,  it  has  bven  accepted  bj  no 
•nli»cquent  writer, 

lu  thr  year*  1S61-S,  pncticslly  6iinullBneousl<r,  appeared 
ifae  niemoirs  containing  the  outlines  of  the  two  systems  of 
rlassificaiion  which  have  hci-n  adopted,  one  or  other  of  them, 
by  the  present  generation  of  Uhi2ii[K>disis.  That  Prof,  von 
R«u»s,'  working  on  the  Continent  almost  exclusively  upon 
fossil  speciineos,  and  Dr.  Cnrpenter  with  Professors  Parker 
and  Bapert  Jones,*  in  this  country,  from  the  broader  lines 
of  the  comparatiTe  study  of  living  and  foMil  types,  should 
have  arriTnl  independently  at  conclusions  identical  in  their 
more  important  particulars,  appears  strong /Ttmii  facie  evi* 
deuce  that  a  reliable  foundation,  whatever  the  superstructure, 
had  brt;n  ai  length  niched.  The«r  papers  are  still  the  stand- 
poim  from  which  the  discussion  of  the  subjrct  must  be  com- 
mvDced,  and  it  is  therefore  necessary  at  the  ootset  to  stale 
Uw  general  features  of  the  sch«mes  they  embody,  and  b^ 
comparison,  side  bj  side,  to  shuw  how  far  (hey  agree  in  their 
deiaib,  and  wherein  they  diflt-r. 

The  basis  of  the  primary  divisions  of  both  systems  is  the 
minute  structure  of  the  shelly  investment — a  ground  of 
distinction  hardly  rvcngniM-d  by  prvviouH  authorK.  In 
general  terms  Poraminifcra  ar«  divided  into  the  same  two 
cfauses — those  with  non-porous  or  impeifutate,  and  those 
with  porous  or  perforate  tests.  The  former  of  those  two 
diTisions  ( fmper/orata]  is  in  both  systems  subdivided  into 
two  aretiuns,  one  including  the  tyjMts  which  have  com- 
posite lesls,  that  is,  built  up  of  sand-grains  or  similar  extra- 
neona  bodies  more  or  less  embedded  in  calcareous  cement, 
ihe  other  faavin;;  opnque,  porcrlUnous  shells  of  fine  texture. 

In  the  difiKion  comprioing  ihc  petforalc  or  porous-shelled 
forms  ibe  agreement  is  less  complete,  as  might  be  expected 

>  "Eatwmti  dan  mtematiKliea  Zmammentpitun);  Aet  Foramiiiifercn," 
*8ilaBiiBb.  k.  Akad.  Wiw.,'  rul.  xliv,  p.  955.  iTIiu  voIuum  for  tbe  jcar 
1661.  pitUbheil.  1  nppiMe.  to  1868.) 

'  *  IbtndMUoa  to  tte  huiAj  v(  tlie  Forsuiini/crs,'  London.  ISC9, 


«iik 


'ta  tftor  ^Bacttn:  bat  ev«&  in 
'  win  he  tm£ij  uadentood 


^■^1    niiwHimiiin 


SrnMCHKipt, 


-     ^TOi  Bm^  rlaanficfttioD,  Amt  qotA^  k  taken 

a*  ivntMi^  dmftMn  into  "  Fonminifrrm  lI(aKm.irr» 

•^  m.      Bilnfttrd    ID    Ute 

P*  H»  funih    Grvmid- 

Oi^-i^n.ivn  ^  ui  uw  liMUtu  frf  the  Eoglub  uhwrri 


xoTEt  OS  nsTicuLAniAN  xnizopoDA.  S7 

omitted  entirelj  in  thv  revised  Kchcmc.  In  the  correlation 
of  the  two  cla»>i locations,  iIk;  [iriricipal  discrepancy  occurs 
in  the  sub-otder  Pgrforata.  The  Laoenida  and  Globirr- 
RrtiDA  father  are  almost  exuctly  coextensive  with  Von 
Beuss's  two  sections  B,  A  and  B,  but  tht  (1)  Spirillinidea, 
(2)  Oeulitiilta,  (7)  TerlUaridKa,  and  (8)  Catttdulitiidea, 
leather  with  one  or  two  ^neta  from  other  groups,  find 
plftoe  amongst  ihe  Globiobhimua  of  the  British  cln&sifica- 
tion,  and  the  family  Laokmda  jk  correspondingly  reduced  in 
extent.  The  family  Xvmmui.ikida  corresponds  exactly  with 
Von  Keuss's  section  B.  C 

Ic  his  latest  memoir'  Von  Reuss  ngnin  «omewhnl  modifiedj 
his  airangcmciit,  making   three   primary  groiipK   of  equiP 
Boological  value,  and  rcri-niii^  the  order  originally  adopted, 
thus: — A-  Kalktchalige  Forasdnifei^n.  B.  Porealoae  Foramini> 
(eren,  C-  Kiesolschalige  Foraminifereo ;  but  its  general   fea- 
ture* were  left  othertvise  unchanged. 

It  will  be  seen  at  a  glance  that  the  "families"  of  the 
German  arrangement  are  much  smaller  and  more  numerous 
than  those  adopted  by  the  English  naturalifts,  but  thin  is 
conntetbaUnced  by  the  more  comprehensive  *'  generic 
types"  of  the  latter.  The  essential  diffprence,  not  only 
between  the  two  systems  of  classification,  but  in  the  entire 
methods  of  study  and  nomenclature,  is  to  be  found  in  the 
different  values  of  their  respective  "  genera  "  and  "  species." 

Before  proceeding  to  any  further  remarks  upon  thcKe,  we 
may  notice  briefly  two  other  schemes  of  classification  which 
have  been  suggested  comparatively  recently,  one  by  I'ro- 
fessor  T-  Rupert  Jones,'  the  other  by  Professor  Carl  Zittcl.* 
Their  general  features  will  in  like  manner  be  best  understood 
from  tabular  summaries. 

•  '  Da  ElblhalK«Urg«  id  SacliMm,'  3tRr  Tlicil.  1S74. 
>  '  MonlUy  UicroMOpical  Joiimal,*  No.  ti6,  Feb..  li^jG,  pi>.  GU— 93. 

*  '  Hsadbiuh  der  Pslaontologie,'  vol.  t,  pt.  1,  la76,  pp.  «i— lOti. 
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Salt-order  IL  PaufrurL. 

II.  QiobifrrtMida. 
{I)Globi,     - 
(»)  Tellu 
{3)  KoUlilMK,^ 


Sub-order  I.  IxreRTOUiA  it\  8utMdcr  L  IwEUOUtt. 

III.  PfwnfiUiia.  I  iV.  VaettiOforiU. 

rV.  0''iiV>A«KAi.  I 

V.  Jkio/rl^mJm. 

S«lMrder  11.  Akkacia. 

Fklllilj  1.  PatlUTiada. 
11.  ZttoofMa. 

8«i1>-order  UL  Pikfouta  vcI 
IItujni. 

Fimilf  [.  Lag4*i4Ui. 

II.  i*#(rMM«JinH'^. 
III.  nJimimda. 
IV.  TftlulariSa, 
V.  GMigMtiia. 
11)  Olotiinriniiw. 

ni  PoljitooelliiuL 
(I)  NuinniBUaiD&. 

The  prlmiry  divuioo  of  Fonuninirera  into  Prr/orafa  m\ 
Impvrforaia  would  be  very  coQveuient  if  it  cuuU  be  pm* 
ployed  ill  its  original  aetise  ;  but  it  is  now  well  knowu  ti 
some,  tbougli  p(,'rliu|)«  not  a  Urge  proiwrtion,  of  the  aien 
ccoiu  typi-»,  have  iiilenitiiiiil  opetiingH  amongdt  the   aau 
grnius  of  which  the  test  ia  built,  in  additiiiii  tu  the  gene 
apvrtuTU :  that  others,  like  Psammoijihara  and  Soroii/>/i4era, 
have   uo   peneriil   apvrturv,  but  only   interstitial    uriG 
whibt  a    few,    T/iurammina,  for  oxainplr,  haTC  numeroi 
small   mamniiUale   otificf^H,   irregularly   dts[KiK^d   over 
■uifaou  of  the  teat,  either  with  oi  without  a  ^fnenil  n 
tme.     If  the  arenaceous  group  be  removed  from  the  Im^ 
for<Ua  there   nmiiin   but   the   chitinou«   and   porcelluno 
foriD«.       Rupert   Jone«    follows   Von     Wt-wst    in    making 
a  iliatinct  «ub-order  of  the  Arena<:ea,v,wA,w»  h«enlin-ly  iimi 
the  ebiliuous  group,  his  sub-order  Imprrforata  in  ttxnrt 
co-extensive  with  Dr.  Carpenter's  fntnily  MilMiiia.  I'rofex: 
Zittel,  on  the  other  hand,  only  admits  amtiauruus  sfruet 
as  n  character  of  secondary  iiujiortjiiice,  aud  diilrihutes  tl 
sandy   forms  amongst   the   porcellaiious,  so  that  typ^s 
diverse  as  Satxammina  and  Otniutf/ira,  or  as  JifUwiu  wi> 
JioleUina,  are  found  in  tlie  aume  family. 
Ihal  the  Porc^anea  are,  undei  all  circutnstanceSj  im 
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forate,  I  hire  Donvmced  inys4>]f  bjr  observations  exlcnding 
over  maaj  ynnn,  and  that  k  Urge  |iroportion  of  the  Arenaeta 
are  likewis*  iniperforale  I  fully  believe;  but  the  exceptions 
in  the  Utter  case  are  su  nuoieroua  and  varied,  that  the  nrenn- 
oeoiu  group  caunot  be  iiichnlcil  as  a  whole  in  a  aub-onk-r  of 
which  the  ilixtinciivr  chiitxcUT  in  the  impiTfornte  t^si,  and 
if  omitted  the  term  liecomen  at  once  misleading;  therefore 
it  is  manifeetly  better  to  abandon  a  primary  subdivision 
bofed  aoli-ty  on  the  coodilion  of  the  investment  io  respi^i 
to  perforation. 

The  adoption  of  three  aub-orders,  insteadof  two,  depending 
OD  shell-texture  rather  than  on  mere  perforation,  as  latterly 
pmpoMd  by  Von  Kcuws  anil  adopted  by  Rupert  Jones,  nieetR 
the  difficulty  in  |>art,  but  is  still  open  to  objection.  On  the 
oue  hand  there  is  a  considerable  group  of  true  MxHoia,  our 
knowledge  of  which  is  much  extended  by  the  "  Challenger  " 
collections,  that  bare  rough  arenaceous  tests;  and  on  the 
other,  the  large  and  iinp«>rtani  family  TextuiariJa  it  pracii- 
c*Uf  unprovided  for,  inasmuch  as  it  is  sometimes  truly 
uenaeeouB,  sometimes  hyaline  and  perforate,  and  sometimes 
exiemaily  saudy  but  with  an  inner  perforate  shell.  Vnn 
Rensa  mevls  tbtH  ditHculty  by  dividing  certain  genera 
and  placing  the  two  halvec  in  different  sub-oiders ;  thus 
Teitttiaria  appears  as  2'eztuiaria  amongst  the  hyaline  forma 
and  as  PleeaniuM  amontjst  the  arennceous,  and  Jtulimiua  in 
the  same  way  as  Buiimina  and  Alaxofihrriffmitim  ;  but  this 
is  cutting  the  knot  rather  than  untying  it,  and  even  wore  so 
sammary  a  method  practically  convenient,  the  pruposul  to 
divide  a  natural  group  like  that  comprising  the  Textuhriaii 
and  Butimioe  types  in  order  to  meet  the  exigencies  of  an 
artificial  distinction,  i*  not  one  to  be  lightly  adopted. 

Passing  from  sub-orders  to  families,  even  greater  anoma- 
lie*  are  ap|iatent  in  Von  Beuss's  scheme,  especially  amongst 
the  hyaline  forms.  Tor  exnmple,  SpirtUinn  is  found  at  almost 
the  opposite  end  of  the  w;ile  to  i)ie  Kotnliiie  generii ;  Nodo- 
tana,  Oritlriliiria,  and  Polijmorfih'tna  ar»  pliieeil  in  sepunite 
fan)ilie«,  whereas,  in  point  of  fact,  they  form  an  absululely 
continuous  seriee ;  and  Tcxtularia.  BultmiiM,  and  Coast Ju- 
Una  are  similarly  separated.  These  appear  to  me  fatal 
objections  to  the  details  of  the  classiScntinii. 

In  the  collateral  Kngliah  arrangement  there  is  no  infiinge- 
mciit  of  natural  relationship  apparent  io  the  consiiiuiion  of 
the  families,  except,  perhaps,  the  association  of  Tr-iiulariit 
and  its  immediate  n1tic:<  with  Glafi'gTitia  ami  the  Kolalino 
|[piicra.  Apart  from  this,  its  chief  drawback  is  that  the 
divisions    are    too    large    to    be    zoologically   convenient. 
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The  families  p^opOlH^l  \>y  Riijwrt  Jone«  in  his  redivwion 
llie  sub-ordcru,  with  a  view  to  lemeiljiu^j  tliis  defeei,  ka 
meet  our  [iTvseiil  u^uiremeiits.     Ol  Professor  Zutt)l'»  i 
finliun  1  buvo  liud  occnaioit  to  spriik  vlscwhrrc'  nt 
If^iigtli,  itnd  I  liitvc  nothing  to  moilir)'  in  l)ie  views  i-xiiTCi 
at  the  timo  of  its  ]>ulilicatioQ  as  to  its  merits  uiid  b1i 
coming*. 

Everjr  attempt  to  arrangv  in  Kini;!':  tenet  h  claK»  nf  <  „ 
itniN  of  which  tno  TOnstitiieni  grotn>sfuii  sometiinea  in  8e»< 
paT«llcl  litiu*,  or  even  form  iiiitepcDdeut  circlets,  morphe 
{{icDlly  speaking,  ia  of  nccussity  open  to  objection  at  r 
point  or  other,  and  the  aim  of  the  HjrstemaiiHt  tnuy  be 

Sirded  MS  attained  if  the  ationialies  and  inconsistencies 
■(•hi,  and  are  co»liiit.-d  to  particulars  of  the  smallest  zool 
gical  imiinrtaiice.     In  the  scheme  trhicli   I  now  vrnture 
propose  1  have  endeavoured  to  cmhody  th«  view*  nlrejidy 
nan  t'XprrnjMjd.     In  one  or  two  not  uniinponnnt  puiius 
uilfcrs  from  that  arigiiintly  devised  by  my  friends  Ur.  Ca 
punter  and  Professors  Parker  and  Uupeil  Jones,  but  in 
waential  elements  there  is  little  or  nothing  tliat  is  ineo 
patible  with  tlw  coneliisinn*  they  have  su  iibly  expounded. 
IS  put  forward  in  outline,  and  with  no  pretence  of  complet 
neti*,  in   the  hnpo  that  it  may  receive   the  criticism  of  oa 
ralista  whose  pursuits  ()iiiilify  ihcni  to  dcul  with  Uie  suhjc 
The  tabular  cuuimary  needs,  for  the  mo4t  part,  but  Iitl| 
uxninnation ;  the  reaxona  fur  the  course  pursued,  where 
diners  from  that  of  other  wrilertt,  are  sufficiently  obno 
but  lltercare  a  few  points  in  which  the  method  of  treatmeil 
has  been  dictated  by  the  study  of  the  "  Challenger"  coll 
lions,  and  the  furtlirr  expuoitiun  of  thc^e  niu»t  be  left  utit 
it  can  bo  made  with  the  a-uimancc  of  thi?  plates  of  the  memoij 
now  in  progress.   The  nature  of  the  investment  of  the  antii 
— in  other  words,  the  texture  of  the  test— has  been  to  a  cor 
extent  alMDduucd  as  a  primary  distinction,  though  itiaat 
employee)  in  a  mwlified  way.     Under  all  ctreumsiances  it| 
an  important  character,  and  in  aume  families  in  ilistinctii 
but  it  will  be  seen   th<it  whilst  there  are  certain   familjl 
which   am  invariably  arenaceous,  and  oilier*  which  arc 
variuhly  ealcnreous   and   purforato,  tliere  ar«  soitie  in  wb 
no  uaiform  rule  obtains. 

A.  Tltsf  tmfvrfimtUi,  cAHinotis. 

1.  OK[>Mit).i^. — Th^ie  has  been  much  ditTorHnoe  flfftpimj 
an  to  the  jftxiliigirjil  puiiiliou   iif  (Jrumiii  and    i' 
iuug  an  the  animal  of  (ho  Futnminifera  was  >>  to 

'  'Jialarc,'  SaiU.  Jlst.  1676,  vol.  xi».  ^  *ii, 
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men  undilTercnlialeil  )iroto]iUKTn,  Gnmia  mii^ht  properljr 
be  K«arded  as  peruiniiij;  in  a  lii^Wr  Ijpe  of  orKaiiisniioa ; 
^Jwi  leceat  rewaithes,  rioubly  those  of  I'rofcsHir  K.  Hcrtn-jg 
^■nitl  Professor  F.  E.  Scbulxc,  have  shown  that  c«rlain  types 
^'m  Ftnaminifcra  pome;**  nuciri  indiftJiigiiishnble  from  atialo* 
\  2DU«  btxlies  ia  the  cUitinous  fretih-nnter  Khizo{Mi4lv.  Pro- 
fessor Lc-itlr,  in  his  elaboruie  work  upon  tiie  'Fre^h-water 
,  Bhignpod»  of  North  Aitirric^,'  ju?t  pnhUahpd,  practically 
Kronfirms  Ibis  view  by  treating  Gromia  as  it  genus  of 
^0*01  am  iiii  fera . 

^^  B.  7V»(  impfrjoratr;  normally  porreltanous,  tometimes 
tncnuUd  tcith  tand :  undtT itarrttd arnittiont^e.g.  in  hraekiih 
voter)  becoming  cAitiiiou-a  or  cAitinu-areaaeeotU ;  at  abytaal 
drptlu  occatioaally  cons'uiiny  of  a  tii'tn  homcgeiteotta,  impcr- 
foraU,  silii-iotu  Jiim. 

II.  M I t.iut.tD.F.. — ConMniiiig  the  genns  •S^Mi7tn«/Mta  there 

sevTM  still  considerable  doubt.     Judj^itig  from  !SIax  Schultze's 

ir*icripiion  and  figures  it  E«ems  lo  be  a  moiiothiilamonii,  ad- 

renl,  porrrlUnuii;!  »[>c<;ics,  not  far  removed  from  the  simpler 
Tkrielies  ai  Suhecularia. 

Of  the  Daclt/lopitriiiw  there  is  little  to  be  said  at  the 
pifsent  lime  inasmuch  as  they  may  have  lo  be  icmovod, 
inihvr  eniirrly  or  in  part,  to  the  calcareous  Alga  ;  hut  as 
yet  we  have  no  authority  for  so  important  a  step  beyond 
the  brief  preliminary  notice  nf  M.  Munier-Clialinns's  r«- 
cnrcbes,  and  it  will  be  generally  admitted  that  there  arc 
two  sides  to  the  question. 


s« 
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C.   Tett  invariably  arenacecut. 

III.  A^TKDKiiiziD.i: — Coarse  sandy  form*,  uinally  of 
large  lixi-,  nud  nionuthnlamoiis;  often  branched  or  riidiate, 
but  never  truly  septate  {i.e.  as  di»iinet  fnim  mere  coustric 

<n).     Pol rt ha lamous  forms  never  symmttr leal. 

It  is  probably  that  this  family  may  eventually  require 
ilMlivi»iQD ;  as  now  proposed  it  includes  all  the  deep-water 
arenaceous  rec«nt  Rlii/Aipods  cseept  those  of  the  family 
Lituoliil<e. 

IV.  Lir(7ouD.e.  —  Comprises  sandy  isomorphs  of  the 
simpler   hyaline    types    (.Layena,     Nodosaria,     Globiijcrina, 

"  lajia,  A'ottionina,   &c.),    loneiher    with   some    adherent 
Septaiion    of  the  poljthalamous  forms  impvTfect; 
ambers  sometimes  subdivided  or  lahytinthic. 

V.  Paiikkbii>.k. — Large,  spherical,  lenticular,  or  fusiform 
fossils ;  constructed  either  on  a  spiral  plan  or  in  conoen- 
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trie  Ufvrs;    the  c)inin1>en  occupied  to  *  gT«*t   extent 
liihvtiiiihic  or  csiicelUled  shelly  srowllin. 

!^OT  tlie  proaent  I  know  of  no  morn  Appropriate  pUce1 
lliin  for  Pari-rria,  Lnflutia,  and  llieJr  loiroeiliate  nllir)'. 
mxy  be  nilmilted  llint  we  have  still  a  grcnt  ilml   tu  I«a 
conwniin^  them,  and  should  the  SfromatojioridM  be  prrjt 
eventually  to  occupf    an  iniuTmiMltaic  position,  related  ol 
thn  ono  side  to  Khisopodit,  on  the  other  to  SpooKes,  po«tiiiJ>y 
tho««     ty)H'S    may     find    their    pro|)«T    pliicc    as    a    furt 
CQiiueeliu)^  Uuk  on  ihc  Ubizopod  side. 

D.  IHU  of  tie   larger  tpeciet   arcnacroug,    eitA*r 
or  K-ilhotl    a  prr/brate,   caharemu   kcuis ;    amailer  fa. 
Ajfo/iHu  attd  <-onspic*tiMi$iv  pMjhrated. 

VI.  TESTVLA.KID.B. — 1  c*a  se«  no  B<lvaotaj;e  in  th«  att«ra| 
In  acpanite  the  arenaceous    Textulnrio)  and   BuJimitta 
the  cle»rnhvlK-d  fiwcies,  but  much  the  contrary;  uor  caaj 
ncogiktae  any  valid  distinction,  of   more    than    secoE 
iBtporUnce,  between  Textularia  and  Valvtdina} 

K.   7V|/  calearMva.Jintttf  perforate. 

VII,  C)iii.08i-ouiLi.iD.it. — With  Uouss's  genera  Chifo\ 
vtrila  and  AUoMorphiHa,  which    to}{eiher  form  hia    famil 
Viyi'toslei/ia,  I  have  associated  Scguenzu'a  genus  Bltipsoidina. 
Thii  nuomulous  characlm  of  (lie  latter,  viewed  ah  a  NoJi>6a- 
Haii,  i  pointed  out  niiiny  years  ago,  and  had  I  tlivn  known 
ihe  ui'ntia  ChitontomtUa   by  anything  more  than  fi^rvi 
ahoitid   have  tug^ested   Hie  present  position  for   it. 
urimary  dilference  in  the  structure  of  these  two  [vpes  conai 
in  lht<  flirt  that  in  ChiloslomvUa  the  svgmunts  akernate,  \ 
utlarhnirnt  to  i-acli  othrr  bving  al  on«  aide,  and  the  aperture 
flrnl  al  omt  end  and  tht'n  a(  the  oilier,  whilst  in  iUlipavidinu 
(he  attachmuul  U  at  Ihe  base,  the  Het{ineuta  grow  iu  the  same 
dIrmttioD,  and  ootuequently  tho  aperture  is  always  Hi 
■nnin  iind. 

Vltl.  I.A<)i;xtD.K. — This  is  fxacily  noexlunsivn  «ith  th« 
hafftniiia  of  MvMra.  Caqtunier,  barker,  and  Jones. 

1'*.   7Vvi  calrartaux,  gmturatltf  very  caart^^  ptrfvratfd, 
trtieo  of  coHal-tj/tttM. 

'  I  whinl  al  ibia  oundiuioii  unKiuaUj  frvm  itie  altiJ;  nt  Uin  Caibant' 
fsrnw*  tviHW  ol   tlhii»|»i4« ;  mniivMI*  sj  fdsa*!  Mr.  I.VIrf- I>mI  rninr  ta 

It" ■'-■  yioeiw.     •"  ■ 
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•untM  an  martcvt^AittAft  kmizofooa.  I-S 

(I.  GMBrut"  t    gfftU))    of   e«enUBlly 

Ijjw*.      V  ,;f   n   few  s((ci;iiji,  geFi«- 

[MfiiiuiU  size,  nil  Uuvt  litKU  Ixuntl  IJring  iu  0|nMi  %va, 
I W  nnr  the  sutf^co. 

G.  7V</  ntarvfly  perforate,  a  few  of  (he  higher  forms  with 
"'cAanicT'icaiU  oHdiitterseptatcanaiji. 

X.    IltTtALin*.. — EmWawa     the      ItotiUnm    of     51e8Hr», 
^«i^nt«t,  Purkirr  aiitl  Joiicn,  with  llio  iidditioii  of  the  (;eiiu« 
»,  which  may  be  regardvd  aa  ilidr  non-scputc  mudi- 
1,  just   u    Cornuspira    ia    a    noii.stplate   iiUiota  and 
.•lanufuctu  a  nnn-Mptuci;  TVocAamini'iia. 

""T   J^'"''y    tufiulatud.      All    the     higher    lypea 
:!  tyatttit  of  inttTaeptai  canal*  of  greater  or  Uu 
'■/  '■    ■''• 

XL  Ni  inruLixiDA. — Coeztermve  irith  the  KummuHniJa 
if  CvpTDter.  pArkvT  iitid  Jqiigs.  1  liuve  rcUinvd  FiutUina 
tkv  plaui  hitbt'rio  assigiit-d  to  it,  an  tlic  grouttd  of 
_  sjniraetriral  coDCciur,  bui,  sa  Dr.  Carpenter  has 
thoirit,  the  genua  has  almoat  as  tnuch  in  common  with 
Ik  RetuUiIfK. 

Ct*»»— illllZOPODA,  Dujardin. 

Ot^rr     FoaAMixirEnA.  it'Orliigny — (Rktiodiabia, 

Curpfnier_t. 

FiOUl.  OBOKHUB.— f?/*!!*);!;,    Oajwdio;    Ismii.  SeboltMi   />#• 

^jhNUui,  CUpori&dei  SirjAtardtlla,  BiJitall. 

•.   Mlllr  '   np.km,  Q.  0.  tbn:    SammmmSma. 

Btft'.  IU,   IMmnoe;     fat.,   J^*.,   4w»- 

bi^uluo    (<}rJilL,Im«iimm,    Katiler)]    lUteHta,  fOt- 

bi^f  i  />r^^>>/uB>,  ti'UrbigDj  {JrlKmiii^,  (fUtW^Vj}; 

F^Mahii,  Defnnee. 
^.  t^bltolitiiMB.—  J'tttrtmlu,   At  Ut»Uotti   OriiemHam, 

\Mi*tvk.  OriiMiyKhMwmk-.  dlctftiMm.  J'OibigKj. 
y.  0)  DaetylopurlBn. — OtaliSu,  l^uuarak ;    Um^gliifara, 

LamuKk,  ui4  lub-KEsctk. 

Lt    III.     AP~^" ;-T--i  T-  ~fa— ayi^fTg.     Schnlvi     &r»- 

,T ...-•nB,  3dnib«;   TteiiuUUa,  NofsMa; 

ItrMl*  -.     jM-inwou-;^,   Bradj  i    M/nrttta, 

- /L».^,,r4fiL.r      Silt      M'nlkl;      /UaM«M*UM, 

M.    tbir»  ra«««J«i<,      B™tJ;  , 

I  ata^in,   Nnrmu  i    tlalifif 
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FklULT  IV.  HrrUOIiTDSL — Li/uata.  I^mir^  IS^fiiai,  An  ', 
Ua/tlopirvyKiHm,  lUiiu  ;  Itaplotfivit,  Itcuu; 
tilina,  d'Urbinit; }  BJrIUutiita,  CmrUiti;  JVm' 
Puk«r    A    Joiuea    {llarmMiiut,    Bndj;    4m 
lievw;     IftMiM,    d'Orttixo;)  i    NudniueUa.  Br 
ImtetK/fmn,  Tcrqu«m ;    RtJMjre.   Phillijn ,    Aofln*, 
Bndjr ;    niir«M«iMi,  Bnid; ;    IlippaerrpijM, 

yxKlLl  Vl.  TEXTlTLAJirD^. 

a.  T*»tul«rlD«.— rcrt»/j™,  Defnuiee  (fft^Mman,  i 

b'^i>7  '.  /'•'("/siiui,  a'Urbignj  ;  ^nj^trla,  Ekrenb«i^_, 
Otmtoiiua,  i,'OAi\gay)  ;  renaitUint,    if  Orbigiif  <(rM- 
rfr^V,  dXJibijtnj  ;  CltytalidiM,  d'OrWpij ;  JVi< 
Rfiiu)  ;    ra/ia/ioa.  d'OrbiciiT  {CXmr/tiu.  li 

p.  Bulimlnlnw.— ir«/iiu'n*.    dX)tbiffB7   J  Virg 
biftn;  i    Hviiriiui,   d'OtbiRnj  ;    Plemn»h»rllja, 

J.  CualdallnliiB.— CoMMMiH.d'Otbigij;  "' 

KttlM. 


Fucat  VII.   ClirLO»TOM£LLIDS— t^Jt/M/oMfO).  Rgum  '. 
cKir^siiHd,  HeuMi  jK/^pM^^  Sepieiiu. 

Pahilt  VUi.  IiAGBNIDje. 

«.  Iiaaanina.— ZjjKwi.  WhUmt  ft  Jacob;  JEa—gu. 

Nod«»ariit.  lAniarck  {LingitUMa,  dXirtiiaiij' 

«>JkWa.  Defnncc  (i'^MM/tni.  d'Otb«a]r) ; 

d'Orb^aj     (Aa«/uui,     d'OAignj ;      JU.      , 

Kpus);    Mtriyi»iiluui,   d'Orbtgnj;    Crutrtlmria,  \a»' 

vcV. 
p.— PolymorpWnlMB.— Pi>^*Mi»7'4nw,d'Ofti|inj  (Dimtr- 

ptiiu,    d'Orbtgfiij) ;    UtiffriMj,    i'OMgoj   {S^rima, 

d'0(bi([iij). 

Jauli  DL  OLOmaERZNrDJBL— O/iJiytfun,  d'OrlMpiJ  (OMJm, 
d'Otbii^t);  Hattigtriath  Wj.  Tliuniiwai;  Fmltemm, 
Ptfker  ft  JoBM  1  ^Unidiia,  d'Orb^j  ;  C>»dMu, 
d"0(bcj[nj. 

7A)in.T  X.  aOTAI/n>X.—SfirilliKa,  V3in%hmg:Pttl*lliaa.  WJili* 
/^MMrtiatf,  I'nrkcr  &  Jmct,  Pltourimlijui,  d'C 
(IViMMfa/ud.  d'Oibifrnji  Jtematiita,  il'Ork 
Bmpertia.  ff^tkki  OMn^m".  (>">T:  ^^ 
Kitw;  nwpjwrwt,  d«  Haiafui  (ti^rpuM,  Ciul«r) ; 
CrM>M>|Mni,  V.  Bigcnow;  PtJtiMaliiu,  pAfktf  ft 
Jaus  i  jeotofid,  Laswci ;  Caiatriaat  d'Orbignj. 

pAvitT  XI.  NinacnuHiDA. 

a.  Polr8tom*Utas^~JV<H>»««ui>i,  d'OrUgnj  g  Pafyttemttis, 

jS.  NtunmnUtlna. — Artkgducmt,  Bndj ;  AmfAab^ma, 
d'Otbiguf  -,  faniimi.  FlscIicc  ;  fic«oa>,  (/*)  Dbwmq  i  Orti- 
tstift,  d  Otbiuii;  I  Cftitxifpeia,  CtiymnW;    llrtmvU- 

CM.  il'OtbiKttJi  Oi^it'liiMt  d'OttaieflJ:   A'aMaWit 
Btank. 


XorU  ox   tLETlCUnaiAH   EHlZOrODA. 


49 


IX.  Olobi(;8HIMD.8.— A  compacl  group  of  OKfciitiallr 
^Ugic  tf  pc«.  Willi  iln!  (-\i:4'|jtiua  of  ii  few  Hpecica,  gone- 
illy  uf  aniali  sixe,  nil   Imvt:  hcea  found  liring  in  opeu  sea. 

It  or  near  the  surface. 

G.  Teal  eoartdy  perforate,  a  fete  of  the  higher  forms  wit& 
double  chamber-tcalis  and  interteplal  eanaU, 

X.  RuTaUd.«. — Embrnces  the  Rolalintf  of  Messrs. 
C»rpentrr,  Parker  luid  JonF«,with  the  ailtlition  of  llie  genus 
SpirMima,  which  majr  bv  rrgnrdud  as  clieir  noQ-9eptni«  tnodi> 
ficKttOD,  just  u  Cornuspira  is  a  noii.Mptau:  JUiliola  and 
Ammodiicta  a  non-sepute  TrocAammina. 

H,  Text  eery  finely  tubulated.  All  the  higher  types 
possessing  a  tyitetit  of  intersepfat  canal*  of  greater  or  lets 
cofnpUxUg. 

XI.  NtTMMVUNiDA. — Coextensive  with  the  Nummulinida 
of  Carprntcr,  fnrkcT  and  Jone«.  I  have  retaimad  Fusutina 
in  the  place  hithi-rtn  ait»!giivd  to  it,  on  the  ground  of 
its  s^metrical  contour,  but,  as  Dr.  Carpenter  has 
riiown,  the  genus  has  almost  as  much  in  common  with 
th«  Holaiida. 


Cla»— RHIZOPODA,  Dujardin. 

Order — FoaAitiNiFKRA,  d'Orbigny — (Rbticularia, 
Carpenter}. 


SchultMi   £ie. 
i/m,SMtiL 


fuauL  QROXXDJB. — Grcmia.   Dujantin; 

tUOLT  U.  USUOIMiSL 

«.  UiUohniam—Salifiifiitm,  G.  0.  S*r«;   SgimmaliHa. 

Sdhnilic ;  A'liteaUaria,    IWrkacc ;     {/■>-,   Bi-,   Spiro- 

Itemliita,  d'UtUt^}  ;  J/l/io/ta>i,WLlliain*on  ;  Cornutpira, 

Sduiltu   (<^pUM«*rfi'*Hh    Kublec);    Uaurriaa.  iTOt. 

b^; ;  FerMntliHa.  d'Orbign;  {Jrlicntitw,  il'Url»gn;) ; 

FaMaria.  Detriocn. 
fi.  OrUtolItliUB.— i'r'Ur«a/u,   dc   Montfort;    OriicsUatt, 

L»insrck;  OrMtolitef^ljunudi ;  JleteUm.A'Orbigaj. 
7.  (f)  SaatjrloporiiuD. — Ornlilei,   hunank, ;    Dactxiepara, 

Limafck,  hqJ  Bub^centtrs. 

FaMUT  IIL  ASTBORTTTy.TDJl— fwwwr^rfTw.  Schulu;  Saro- 
tfi^ra,  Bndy;  StKKommtKa,  M.  S*n;  Pilntiaa,  Cur. 
mBUt;  Sltrliatpk^ta,  ScbalM;  TttitiUile.  Nncinnn  ; 
eAoiiaa,  Brad; ;  Ji<ifmcmetla,  Bniiij :  Aadorhitii, 
fiamUliI ;  Demin>piry0,  Str.  Wright ;  TihnlidammUa, 
II.  San;  JitcnltUa,  Brodr ;  tfyferammina,  Itraitj  ; 
PiammaUidniJnm,  Nori»*a  (M"ji  S^mellt,  Itrnd; ; 
Sttflliaa,  C*rp«atcr;  Uariipillt,  Normnn;  llalipif- 
iMia,  BowDibuk;  Potspkragme,  Kgum. 
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M.  Itiipertiana,  nov. — Test  clonf;atr,  biconvex  and  Triloc 
lias  in    the    young   coixliiion,    Quinqueloculiiie   >iii] 
depressis)  itt th«  adult;  ptriphcral  margin  roiii 
TCrj-  old  ^iiecimens  tliiu  or  c»riniiie.     Final  Beg^nK-iit 
leruitnatinf;    in  nu   ovmI  collnr,  cither  continuous  and 
regular,  or  with  ■  dcv|)  iiotcb  at  cuch  end  (bilobislr), 
or    with   four  <^quidinlant    notches   running  a  tort   uif 
cruciate  aperture.     Surface,  stristopuuclate,  i. «.  with 
minute  pits  or  depressioiis   iu  cIoeg.  rrf^ulnr,  pArallel 
lilies  from  one  end  of  the  ivst  to  thtr  other.     Tlic  Irxt 
licTcrlhelr'S*  it  iinp<-iforaie,  for  the    pitted  depres.«iona 
iwnctrale  only  atwut  half  the   ihickuesa  of  the  shell* 
wall.     Length,  -,^t  ^och  ()'9  mm.). 

Jf.  Parktiri,  nor. — This  form  is  figured  by  Professor  W, 
Parker  in  onn  of  his  enrlieitt  papcr»,i  where  it  is  simpl 
rharacii'dsed  asa  "  QuinqHeloctdina  with  oblique  ridges, 
but  without  distinctive  nan>e.     The  test  is  elongate  and 
subtriiin^iilnr  :  the  pcriphifrfll  mitrgins  of  the  segments 
sliaq),  with  a  icnilniicy  to  become  earinale;  their  sur- 
faces UHTcned  by  somewhat  oblique  transverse  ridgea 
or  crenulations.     Length,  ,'j  inch  (l~  mm.). 

M.  inerattata,  no». — A  thick  subglobular  form  of  M.  agg!u- 
tinani,  very  coarsc^ly  arttnaccous  in  texture.  Si*gments 
omhracing,  wiih  a  tendency  lu  become  Ililoculinv  (a* 
iu  li.  wnlraria),  sepiation  obacnre.  Apeiltirc  crescen- 
tic,  situate  in  a  short  delicate  neck  rinni;  from  the 
superior  exlremily  of  the  final  segment.  Length,  tt 
inch  (0'"6  mm.).  ^j 

TIai-brixa,  d'Oibigny.  ^^ 

Bauerina  horralit,  nnv. — Test  plnnospiral)  orbicular,  com- 

f tressed,  biconvex;  margin  Ihtck  and  rounded,  very 
ittle  hollowed  at  the  suluies.  Com]>ooed  nf  several 
convolutions,  the  latter  ones  consisiiug  uf  from  three 
In  live  long  narrow  (hiiinbcis.  Aperture,  simple  crescenli- 
fomi,  »itU4te  on  the  face  of  the  terminal  mymenl  n  litlte 
removed  from  the  hue  of  juuctiuu  wiih  Uiv  previous 
convoluiion  by  a  smHll  elect  lip.  Diameter,  ,*(  inch 
(TS  mm.). 

This  Uiick  leuricular  form  of  Haueritta  appean  to  be 
limited  in  iu  distribution  to  the  Nurth  Atlanlie,  and 
under  tbe  namo  uf  H,  compretsa  it  has  been  recorded 


p.  u.j,  -,". 
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f;  :  '.'.  wpfit  mutofScotlanil.'  At  tJniM  it  isnot  raeily 
■1  ljf<i  from  lUI'irulina  ronlran'a,  for  ihe  iiiii-rtiitl 

■truuiuti:  ■»  ubicuretl  by  the  iliioknpAK  mtd  opaciiy 
Ot  ill*  tesi  :  ceueially,  buwever,  ther«  »re  nligbl  coii- 
itrictioDs  or  d^prcMJons  ki  the  periphery,  marking  the 
nitnrpa. 

cirtMuUa,  nov. — ^Twt  nauUloid,  tliin,  compUiinto ;  oom- 
puned  of  two  or  three  ounvolutions,  the  last,  coiisinting 
uf  six  or  seven  se(^enls,  completely  enclosing  (tiu 
earlier  one*.  SrgnienUi  archrij,  rmiiiilcd  nt  their  peri- 
pli<n-al  ninrginf ;  Hiitniul  liiica  niiarkt'd  hy  t^xl«rnu]  cvn- 
■trtctiooK.  Colour  nailky  while,  mifiicit-ritly  (rBn&lue<-iit 
to  show  the  outline  of  the  inner  nhorl  of  chambers. 
Apcrluro  con>iRting  of  ti  numWr  of  peiforntions  distri- 
buti-d  irn^uWIy  over  llie  front  of  the  terminal  K-g- 
nitnil.     Diaiiii'ter  ^  inch  (1*  mm.). 

Obbitoutm,  I..amatck. 

Molite*  laciniatus,  nov. — A  vnrietj-  of  OrhitoiUes  of  tho 
cooiplej,  type,  figured  hy  Carpenter  ('  Phil,  Tram.,' 
\H^G,  pi.  5,  fl^.  St,  S).  snd  bv  ItutM^hli  fin  ttronn't 
•  KU»sen  iinil  tWrnungcn  dps  Thier-Iteichs,'  18-W,  vol.  i, 
pi. 5,  iig.  ■!), htii  in  both cas««wi(boui name.  Itislitllo 
more  than  m  local  variety  of  Oriiiloiilex  comphnatua, 
■hundmit  on  (be  coral  retfit  of  tJie  X'Viendly  UUndt  and 
Fiji ;  but  as  it  repreeenis  the  best  development  of  the 
■tmclumi  mmlificatiooE  inducci)  hy  rcdinidant  )*Towth, 
it  is  convenient  tlut  it  thould  l>e  diK lingo i» lied  by 
nnitir. 

The  centre  of  the  diK  is  constructed  on  the  normal 
plikD,  but  near  the  margin  it  becomes  strongly  siauate 
or  plicnte,  at  the  Mime  time  fiplilting  so  iiit  to  form  a 
double  periphery,  tlie  two  edges  of  which  approximate 
at  inieivals,  but  oiherwise  are  separated  by  ileep 
iTT>-K>i)nr  furrows.  Specimens  from  the  localities  nbiive- 
'I-  not  uofieqinmtly  an  inch  {i!>-  mm.)  or  more 

II  :  IT. 

AfnuottHiiu,  Sandalih 

^ttrorh'na  rrntnntma,  nov. — Test  (typically)  clongatp,  sub- 
Mum  uf  uniform  breadth,  often  constricted 
u    :  'lie,  endti  rounded  ;  oonsisting  of  a  lutie  uf 

greater  nr  less  length  n|>en  at  both  ends.     Wnlla  very 
••  lUiiiopoiU  Film*  oTUic  lliltridu,"  '  Report  Bril.  An.,'  ISM  (Tnnu. 
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thick,  cfimiKM«d  of  fine  earn)  with  bul  littk*  c«mmt 
Civit;  tubuUr,  avvcr  uf  unironn  diameter,  but  ■wolle 
al  onr  or  more  points  so  as  to  foriu  Ejmrioua  ctiamt 
Length  about  j'^  inch  (lO-  mm.}- 

This  foim  is  ii«!iirly  allied  to  Attrorhiza  ffranulMa 
(itarsipella  tjraituiota,  '  Qunrt.  J.  MJcr.  Sri.,'  vol. 
xix,n.!>.,p.  36,  )>l.  S,  fig*.  8,  9), and  is  i>erhnf»s  its  Notih 
Atlantic  rejtreaentaiive ;  bat  A.  granulosa  is  of  stoalli^T 
dimensions,  nnd  the  chamber -cavity  ron*ista  of  a 
nartovr  tub*  of  evvn  diitmelt-r  throiigUout. 
A.  anf/td«sa,  nov. — Test  tmngular  (r.ir«ly  quadrangular), 
depressed,  biconTPX,  with  rounded  margin  ;  con«isU  OJ 
a  centml  chamlwr  with  mdiiiiin*;  tubr«,  one  paovitig  tn 
eAch  coiiirr,  tlii;  open  t^nds  of  tvhicli  vcrre  as  a|H-riurr«. 
Walls  relaiively  very  thick,  and  composed  of  loosely 
cemented  fine  »aud.     Dinmetcr,  '-  inch  (3'6  mm.). 

A,  oftgulottt  appears  to  be  n  short,  tliree-mouthrd 
variety  uf  A.  granulosa,  wtlh  which  species  it  \*  fuund 
aseuciated.  In  both  uf  these,  as  also  in  A.  craatatina, 
the  orifices  iiTc  often  pattiuHy  blocked  with  sand-graiiii, 
and  not  unfn-tjuently  are  stained  leddi&b  biowu. 

Bbabdamuixa,  Sar». 

BhahdamtnitM  ditcrela,  nov. — Te«t  cylindrical,  open  at  Ixith 
end*  ;  nontittiiif;  of  a  HtraiKht  or  nearly  straight  tube  of 
indefiiiitf^  length,  spuriously  segmeulud  by  slight  con- 
strictions at  irregular  intervals.  Walls  thin,  Dompoaml 
of  angular  ian(l-)^ains  firmly  crmenlcd ;  interior  smooth. 
SjK-cimenn  nearly  au  inch  (25-  mm.)  in  len^stfa  arc  nut 
tutcunimoD. 

BoTBM.iyA,  Carpenter. 

ItoteOirta  labyrinlhica,  nov, — Test  arennccous,  cylindrici 
(mobahty  growing  attached  by  one  end),  KtriiiRht,  ui 
sli;;htty  rurvcd,  nomenhat  irrcKiilar  in  extefiinl  cdh 
tour;  one  end  round  and  mure  or  less  iiifUtt-d,  il 
ollitr  never  hitherto  found  t-iitiie.  The  wall  is  uf  firm 
coufiialEnce  anil  compactly  built,  except  at  iliv  rouni] 
extremity  where  it  bccumet  a  ihin  incomplete  Uyvrl 
■and  grains  with  many  inlenttiinl  upL'uiu{|tH.  Tl 
interior,  csccpl  uiiar  the  rounded  end,  is  tulMlitiiU 
iltc^ularly  by  a  lubyrimh  t>f  coame,  Mindy,  apariHi 
•i>filH.  The  roiniih'd  Irrminnl  iravity  ftimix  ati  ttnd 
Piei'i-a  hiiltcriu  'ibiiiintd  ha»c  arlilnf 


ni- 
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ia  impouiblc  to  say  whnt  lengib  comiilete  fi|>ectinen4 
may  uttaiit.     The <li)imeter  is  xbout^o  ioch  (So  mm.). 

KsoPiiAX,  <lv  MoDlfort. 
Of  the-  moii<>i)ia1amou«  aiid  monilirorm  (Lagena-hke  and 
2>i'odii*aria-\ike)  Jjituula  ibere  are  half  a  Jwevii  unrciconled 
modificatious  of  sufficient  ioteiest   to  ileserve  j)  re  I  i  miliar; 
notice. 

lieophax    ampuUaofa,  nov.,  is    moDothalamouB   and    eom- 
pteued.     li  \»e*n  very  miicli  the  »amc  rcUlion  to  R. 
dijfitigiformU  that  Lngeita  marginata  bears  to  L.  i/h- 
bota,     heaph,  y,  inch  {085  mm.). 
R,  baciltarit,  nov.,  is  a  long,  regularly  tapering,   slightly 
arcaate  variety,  with   very   numerous,  short  segments. 
The  earlier  segments  are  cylindrical,   and  hnrv   flusb 
sutures  not  distinguishable  on  the  exterior,  the  later  ones 
sub-spliericat.     Colour  Tery  dark.     Length  sometitnes 
nearly  ^  inch  (('7  mm.). 
R.  rudis,  hot. — The  largest  species  of  the  subgenus  hitherto 
met  with.     Shape  long,  cylindrical,  slightly  tapering; 
sides   cTen   and   unconetrided ;    extremities   rounded. 
Th«  walls  thicker  than  ihosv  of  its  congeners  and  of 
looWT  texlure;  composed  of  flnu  grey  sand.     A  longi- 
tudinal section  reveals  about  six  segmr;nts,  each  taper- 
ing at  the  summit  lo  a  stoloniferous  lube,  the  mouth  of 
which,  as  well  as  the  exiemitl  orifice,  is  tinted  reddish 
brown.     Length,  x'„  ^'^^  i^^'  mm.)  or  more. 
The  Her.  .\.  .M.  Nonnan  has  placed  in  my  hands  some 
•pccimena  of  a  foira  which,  ibouijh   certainly   distinct,  is 
very  difficult  to  separate  firoro  this  by  any  positive  characters. 
The  specimens  arc  of  smaller  size  .ind  relatively  lung  and 
alcndrr,  darlcrr  in  colour,  and  more  compactly    built;    but 
neither   they    uor   those   of  the   larger   species   show    any 
tatunl  consiriclion  or  other  external  mark  of  cegmentatiou. 

B.  daUatmiformis,  no». — A  small,  delicate  variety  of  R. 
tcorpturm,  but  more  slender  and  regular  in  contour; 
segments  five  or  six  in  number,  elongate,  and  but 
al^btly  veuiricoM.     length,  ^'t  inch  (IKd  mm.}. 

R.  futtifera,  nor.,  has  pyriform  segments,  broadest  near 
ibe  base,  and  lapenng  to  u  narrow  stoloniferous  tube 
at  the  point  of  union  n  iih  the  succixding  ehumbiT.  In 
tmall  »pecimvns  the  base  of  the  segments  is  often 
truncate  or  even  somewhat  concave.  Number  of  seg- 
menlBvery  variable.  Length,  seldom  exceeding  Vu  ""^l* 
(1-5  mm.}. 

TOU  XXI.— MBW  SBK.  D 
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li.  diiians,  qov. — A  tbin-ehi'lU-d,  liork-colourotl  form,  nnWr 
found  entitc.  SvgmGiiU  dUltuct,  {wifona,  Uipcring 
npiiT}y  equally  at  llie  Iwoeiido  inio  sioloDiftrpuit  lubn, 
which  are  loii^  and  slender  in  pfO)»rtiuD  to  the  bulk 
of  the  chambers  they  unite.  Specimene  with  ihnw 
chambers,  which  nrv  Ihv  lai^cst  hiilicilo  fountl,  have  n 
Isogtfa  of  nvaily  |  iia-h  (46  tnm.]. 
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HAPLOrH  RAOMItlM,  Rvu». 

Of  the  section  embracing  ttic  iiautiloid,  cnmicr-cluiped 
and    Totiliform    TJtuola,   there    are    amongst  thv    "  Chnl* 
lengcr  "  colU-ciion   dve  B]>eciea  distinct   from  any  bil]irrto 
dfl>crib«i],  in  addition  to  eevi-ml  that  may  be  left  for  lluj 
present  as  more  or  le«G  doubtful. 

Haplophrat/mium  foUacfum,  nor.,  baa  a  Tery  beautiful  and  i 
delicate,  crozier-shnpvd  Ictit,  flat  on  both  »idc«,  and  ko  ' 
thiu  as  10  tw  ahiioAt  transparent.  The  ■cgmcnm  are 
numerous,  short  and  broad,  and  the  peripheral  margin  | 
is  slightly  constncled  at  the  sutures.  Length,  ,^  inriU 
(1-3  mm.).  IH 

B.  rottUatum,  nov.— A  sandy  isomorph  of  Anomrtlina  ewSH 
nata,  uautiloid   in  contour  and    biconcave ;    ihc   um> 
bilicu#  \»  deeply  sunk  on  l>oth  faces,  and  (he  i>en[)hcT7 
broad  and  square,  often  somewhat  obliiiue.     Diameter, 
,'a  inch  (O-B  mm.)  or  less. 

S.  sdtuluM,  noT. — Teil  nattiiloid,  ■-■xcavaletl  at  tb«  umbi- 
licus, rounded  at  the  periphery;  eompowd  of  two  to 
three  convolutions,  the  outermost  consisting  of  from 
eight  to  eleven  segments  only  partially  enclosing  the 
earlier  onw.  Segnicnls  conijincily  fitted,  with  litlte, 
or  DO  doprvstfioD  at  the  sulural  lines.  Shi-U-ivall  finely 
arenaccousi  nearly  smooth  externally,  and  of  clirar' 
yellow-brown  colour.     Diameter,  j^    inch  {0'8  mm.}, 

Jl.  turlrinatum,  nov. — Test  rotnliform,  subtflobulHr,  depies&ed 
at  the  umbilicus;  ciitmivting  of  It-ss  tlian  two  convolu- 
tioiis.  Segments  somt- what  ventricose;  nuuibcriugalwut] 
iix  in  the  peripheral  wborl.  Uiameter,  ,i^  iucli  (0 
mm.). 

Tliis  furm  rescmbhts   //.  tuhf/litlxtntM  in  siste  and 
turr,  but  didVis  from  it  in  boiug  rutaliform  aud  utuj 
metrical,  not  nautiloid. 

U.  iKj/iMM,  nov. — Test  oiiuut^,  rolftliform, depressed  i  suj 

face  »i>iiii-wbat    eniivi-x ;    inff-rinr,   pUiie,  more  or   _ 
f  '    i.  lobuUf 

I.  ;  ■  ■    '    '  iimpofcod 
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ax   inflated  t^'grnenU,  often  irregular   ia  bIiuiw 
~di*po«i(iuii.     i^hell  lexiurv   thin,  rrHembling  that 
of  H.  canaritftue.     Diameter,  ^  inch  (0*3-1  mm.J. 

Placopbiuna,  d'Orbi(jny. 

Time  U,  m  addition,  one  sim[ili;  adtiervnt  I.ituoline 
•pnics  FeMnblitig  in  form  the  Squanulina  of  Max  Schultzc, 
hauenaceouB  instead  uf  puree) fanous  in  texture. 

Fitupti&ita  btiUa,  nor. — Test  adherent ;  hifjhiy  convex  or 
■ppToximatcij  hcmiHphcrical  but  Mlightly  longer  in  one 
iltaaiei«T  than  th«  oilier;  with  a  titnitle,  roundt-d, 
|iouting  aperture  at  each  end,  close  to  the  be4e.  \\'alt3 
thick,  somewhat  loosely  aandy.  Diameter,  -^  inch 
(0  7fi  mm.). 

AuHODitcos,  ReuM. 

or  the  free  nou'Ccplatc  TrochammiiMe  only  two  forma 
rr^uirp  prociit  notice ;  both  are  toniewhxt  remarkable  for 
ihornse. 

<^Ammo£»€mt  taunt,  nov.,  is  a  large,  ihin,  ]>lanospiral  variety, 
^H  cuniinting  of  a  few  broad,  somewhat  overlafiping,  c»d< 
^H  vulutJoita.  It  bears  the  sam<i  relation  to  A.  incerta  that 
^H  Vamtupira  Jolineea  boara  to  C  intokttu.  Diameter, 
^^     aomt'iiincs  i  inch  (3"  mm.). 

Ii.  tprclabilis,  nov. — By  far  the  largest  speciee  of  the  non- 
L  septate  group,  is  composed  of  a  tube  wound  upon  itaelf, 
I  uoL  regularly  and  symmirtrically  xo  m  to  retain  a  rec- 
I  (ilincar  tbape  (Uke  A.  Shoneama),  but  in  curved  or 
I  twisted  fashion,  so  as  to  form  an  arcuate  or  subhelicoid 
I  test.  The  sbelUwaU  is  very  thin,  the  exterior  some- 
I  what  rougher  than  usual  amongst  the  TVochammirM, 
■  itn  interiur  «mi>o(li  and  polished.  Diameter,  j^  to  f 
I  inch  (&'  to  6-  mm.). 
'  IIoBUosixA,  Brady. 

The  folio  wing  are  represeatatiTes  of  the  uniaerial  or 
■Kmilifotm  section  of  the  genua : 

'na  Carprnirri,  nov.— A  liiic  »pcvi««  figure<d  by  Dr. 
Carpenter  lu  hi*  irciilisR  on  the'  MicroRcojic'  {fith  ed., 
I47rt,  )>.  Mt,  Hg.y^,  under  the  general  name  "  Monili- 
furm  Liluola,"  [ireity  common  in  deep  water  in  the 
North  Atlantic  and  elsewhere.  It  consists  of  numerous, 
elnngale,  pyrifomi  •cgmcnts,  invr<ra»ing  hut  slightly  iu 
sixe  uft  tlioj  "uucred  each  other ;  eouiiectod  eud  to  end  in 
a  curvi4  or  crooked,  ovrer  (as  a  rale)  in  a  slmight  Hoe. 
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The  i>liMl. wall  is  finely  areDacooos.compacilfcementnt. 
nni]  neaily  !>niooth  on  both  jis  initci' ami  nuicrsiiTraoe, 
except  wliL-n  iiTcguliirilyftf  llie  cKti^rior  is  pr<Hliii:i'iI  hy 
B{>ODf;e  Kpiciili.'*  only  partially  iucorporat«d.  Length, 
^  inch  (13'  mm.)  or  even  more. 

B.  mttniie,  dov. — A  variety  with  similar  general  charactpr* 
to  that  Inst  described,  but  itilfcriug  \a  iu  eompantivoly 
amnll  dimensions  and  in  the  form  of  its  segments.  The 
Moments  are  ahorl,  subsphericRl,  and  uniform  in  «■£<■. 
The  lengrh  of  the  longest  spt^cimun  biihrrto  obmitiod 
i«  about  ^  iitrb  (6'  mm.}. 

J2.  Normani,  nov.,  han  au  irregularly  conotrucled  test  con 
IKwcd  of  few  spherical  a«]|n»en(8,  of  which  the  etrlic 
ones  are  relatively  siunll.  the  fintil  one  usually  vg 
large.  The  orifice  i*  seldom  at  tlm  apex  nf  the  chan 
hers,  but  oft«tn  at  Home  pmiit  of  the  pi-rifihery,  very  ne 
lo  the  enttauce  of  (he  last  stoloniferous  tube,  bj  tt 
the  new  segment  is  somelimes  put  on  obliquely,  fonie- 
tunea  at  right  angles  to  the  previouit  one,  or  even,  lU  in 
not  unfrequontly  the  ra»e.  directed  backwanla,  as  » 
result  of  which,  the  teat  assumes  a  great  variety  of  irt 
gular  forma.     Length,  ^  inch  (8*5  mm). 

TttocHAUMtKA,  I'arker  &  Jonea. 

Of  the  nautiloid  and  rouliform  TVocAnmintW  only  two 
minuto  species  require  notice,  in  addition  to  those  described 
iit  a  forniBt  pnpvr. 

Thteiammina  gaUata,  no». — Test  nnutiloid  and  symmetrical, 
eubglobul.ir  or  compressed,  showing  only  three  se^- 
meixa  externally,  of  which  the  final  ow!  consiiiuiea 
murh  more  than  half  the  visible  shell.  Aperture. iit  untcd 
on  the  peripheral  face  of  the  final  segment,  near  ilH  June- 
tion  with  (he  antepi^iiuhimnie ;  simple,  often  itumo- 
diaUiIy  Itelow  a  projection  of  the  shell-wuU.  Diaoicter, 
•i~f  inch  (0-5  mm.}. 

Thin  s[>ccir«  rcMmhlcs  TV.  riagent,  dearribed  in  a 
former  piip^'r  ('  Quart.  Joum.  Micr.  Set.,'  vol,  xix,  N.  S., 
p.  57,  1*1,  5.  fig.  12  a,  b),  in  many  particulars,  but  it 
u  Bcarc'ly  so  large,  and  is  lebtivelv  thicrkrr;  Its  few 
tegmenta,  nnd  thi-  itiipro|i"rtionaie  8jie  and  t-tiibmint; 
contour  of  the  final   chambuf,  ara  saffieiebtly  distitic- 

tiv*. 

3V.  niiida,  nov.  —  Test  regular,  mtaliform,    ceTrr-r-^.'.!, 
anpcrinr  facn  nnarly  tint ;   iaferitir   convex, 
exravatml  al  Ihe  umhiUcua;  margin  roanded,  sU^iit 
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depreewd  At  the  sutures.  ConiisU  of  tnro  to  thr««  oon- 
Tolutiotis,  of  which  (liv  final  uiic  has  nbout  uiae  eeg* 
mftut*.     Uianieur,  ^,,  inch  (0-5  raiii.j. 

CvcuuiMiNA,  Brady. 

The  fc^iiui  G/eiammina  is  of  considerable  imporumce, 
inwmuch  as  it  presents  the  be«t  tlevelopmenl  sinong«l  living 
Foraminifcm,  of  fitiely  lubtiUr  <:ancvlliitccl  ^Tonths  of  ahell 
subttancQ  filling  the  chamber  cavities— a  M)rt  of  slructuru 
diflerinc  widely  from  the  mere  subilivision  of  the  chambers 
by  tb«  Duilding  in  of  iargp  taiid-gniiiif,  which  is  not  un- 
common  amongst  arenaci^us  typn.     ThtfTO  arc  two  interest- 

l^ing  modificaliftos  of  C.  caneetlata  amongst  the  "  Challviiger" 
_Mherins«,  which,  though  perham  only  local  varietiea,  differ 

'anfficiently  from  the  typical  fonn  to  deserve  distinctire 
name*. 

Cyelammifut  orbicularis,nov. — A  subzlobular  variety, hcnring 
itlwut  tlie  same  morphological  relation  to  the  typo 
that  yoniotiina  pompilioidts  does  to  A\  depnssida,  only 
that  it  i£  of  much  smiillrr  >izc. 

CpttsUia,  not.,  has  a  minute,  biconvex  tnt,  depressed  ut 
thp  umbilici,  and  with  thin,  sharp,  slightly  lobu1at« 
periphery.  A  horiKOnlal  section  shows  that  it  consisbt 
of  about  three  complete  convolutions,  the  last  of  which 
has  about  fifteen  segments.  The  canceltatci)  structure 
ta  but  little  developed,  there  beiug  only  RulHctvnt  to 
form  a  superficial  reticulation  over  the  inner  surface  of 
tbeehambci  walls.     Diameter,  ^\^  inch  (1'  mm.). 

Tkxtvi^bia,  Defrance. 
Texhdaria  siphonifera,    nov.— Test    suWylindrical,    nearly 
round  in  transverse  s<-ctiun,  tapering  and  pointe<l  at  the 

Srimordial  end  ;  each  of  the  two  opposing  scries  of  cham- 
?r«  funiishfd  with  from  two  to  four  rows  of  tubulated 
fistulose  openings,  arranged  with  more  or  less  regularity. 
Length,  ,V  tQ^^  {^'^  mm.). 

BioRNBBtNA,  d'Orbigny. 
Bigtnfrina  robutta,  nov, — Test  elongate,  compressed  in  its 
rarli'-r  (biM'tial)  portion,  cylinilricul  in  its  later  (uni- 
aerial)  growth.  UniM.'iiiii  segments  numi-rous,  short, 
•omewluit  irregular,  often  venlricose  at  iheir  periphery. 
Aperture  simple  and  Textularian  in  the  biserial  seg- 
ments, becoming  multiple  and  porous  in  the  uniserial 
portion  ;  the  pores  either  arranged  in  a  ring  or  irregii- 
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larljr  diatribated  id  the  ccntnl  part  of  the  exposed  liice 
of  the  terminsil  chsniWr.  Inwrior  noii'Ubyriiithu;. 
L«ngt)i,  about  i  inch  (4'8  ram.). 
This  Bp-cies  iit  of  much  inlercst  in  its  beating  upon  a 
pxjupofCaTboniferousFornmiiiifoTa  which  hiivp  b^-cn  atiouice 
of  difSciili):  topiilicontol<^al>.  The  fosfils  alluded  tu  were 
described  by  mj*^\f  Bome  years  aso  under  the  proriaintial 
generic  name  Ctimacammina,^  and  since  that  lime  similar 
v^ieeimenB  from  the  Uiissiun  Carboniferous  beds  have  been 
figured  by  Prof,  von  Moller  with  the  fnish  generic  term  Oi- 
br<nlomum*  The  characters  of  most,  if  not  of  all  the  fotnil 
sifrcimens,  have  been  a  good  deal  obscured  by  external 
agencies,  such  as  pressure  and  tbe  process  of  minerali^niion, 
but  they  arc  easily  reeognix-il  in  ihe  pre*ciiec  of  (he  r(.-ccnt 
examples  which  we  now  have  for  comparison ;  indeed,  it  is 
not  altogether  easy  to  find  positive  features  whereby  to 
distinguish  the  palieozoic  from  the  living  species.  Through- 
out the  whole  genuH  Textularia  the  ajwrture  is  one  of  ihe 
ntoat  rariiible  featuns,  and  as  the  only  conspicuouH  point  in 
which  the  dimorphous  forms  under  ronsideratinn  differ  from 
(he  typical  Jligetifrina  is  in  the  fact  that  their  later  segments 
have  a  porous  instead  of  the  nsual  simple  aperture,  I  can 
eeo  nothing  to  be  gained  by  employing  a  distinctive  generic 
or  tubgencric  name  for  them. 


CnuTUUDlNA,  d'Oibigny. 

Chrysalidina  dimorpka,  dot. — ^Test  elongate,  triangul 
tapering ;  the  three  aidefl  nearly  cqnat,  the  angles  sub^ 
carinate;  inferior  extremity  pointed,  nupcrior  broad  and 
convex.  Teat  comimsed  of  many  segments,  the  earlii-r 
ones  tnserial,  the  later  uniH-riat.  Aperture  consisting 
of  numerous  minute  perforation*  on  the  supeidar  face 
of  the  terininal  segment.  Tex(ure  hyaline.  LoDgtb, 
Vr  inch  (O'fi  mm.). 


I 
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Ci.ATtiLiXA,  d'Orblgiiy. 

Cfatulina  caperala,  nov. — Test  elongate,  aubcylindrieal 
fusiform,  broadest  below  the  middle;  transverse  secti^ 
nearly  circular  throughout;  Iriseriat  portion  relatively 
very  large.  Inferior  extremity  upcring  to  a  point, 
auperior  narrow,  rounded,  or  truncate.  Scgmeota  very 
oumetous,   irregular   in   form    and    arrangemant,    tbe 

*  *  Uouo|>niph  of  CarbiHiiferoBit  and   Penniao  tarammten  '  (1870), 
p.  07. 

*  •  U«ai.  hmi.  Sd..  St.  FoicnlMrK,'  sv.  7.  v«l>  xaiii  (ISfS),  p.  iO. . 
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future*  mitrkcd  ljy  exteroal  Umb:it<!  Iirn'» ;  chamber 
(Billies  much  aiibdivided,  Apeilure  centt&l,  tcnnioalf 
•iUi  raised  vaWuUr  lip.  Length,  A  'ocb  (S'5  tuui.). 
tereta,  HOT. — Tvst  olotigailc,  ihiTC'sided,  broad  near 
middle,  and  lapL'riug  (avrunlA  bolb  ends;  ed);e8 
^undrd,  except  near  the  inferior  cud,  where  they  itre 
Mule,  sad  terminate  ia  a  point.  Sp^^inents  Ten,  repti- 
lian nbscun  exteniKlly.  Texture  Kuburcnncpou^.com- 
piiet;  surfRce  smooth.  Aperture  a  ueai,ruiiiid  terminal 
nrilicc.     length,  -^  inch  (1-6  aim  ). 

Tbitaxia,  Rl>U5«. 

i.noT. — Test  triiinftrous,  broadeiit  near  the 
.'.periug  towards  the  ends;  the  three  Mdea 
nearly  equal,  the  aoKles  sharp  or  subcnrinnte.  Superior 
end  n>Dndeii  and  t«nninBting  in  a  short  neck;  inferior, 
upmne  to  a  ■harp  point.     Tekturt!  hyaline.      Length 


I 


BCLiMiNA,  d'Otbigny. 

itia  nv&lrret,  nor. — Tlii«  name  has  been  giren  lo  a 
mallltulimine  form  frequent  in  northern  acas,  hut  which 
iiiht^to  has  had  no  well-defined  pocitjon.  In  my  paper 
ou  North  ['nlar  Khixopnla  ('Ann.  and  Mag.  Nat.  Hist.,' 
■er.  6,  »ol.  i,  p.  t-'H,  pi- 21,  fig,  12)  it  was  prnri«inn«Uy 
■■rignrd  lo  fi.  eiegaiUtBtima,  d'Orh.,  with  the  remark 
thai  the  ipeninenii  were  "  not  of  the  precise  contour  hy 
which  the  specip*  was  usually  rccnt^jscd;"  and  that 
ibaugli  "the  sppmrnt*  wen;  ciinilarly  arranged,  they 
wvrp  relatively  tihnrter,  and  there  were  fipwer  in  each 
ttmvohilian."  It  ini>;ht  hare  been  added  that  the  a|>er- 
lure  is  usually  inserted  lurtber  from  the  apGX  of  the 
ahell.  In  point  of  fact  (lie  vpficies  is  almoxi  <-qunlly 
rdali-J  lo  li.  elrffanlisiimn,  d'Oib.,  and  B.  ( Jio&ertina) 
arrJira,  d'Orb.,  but  it  has  larger,  broader  segments  than 
either,  and  is  alto-^ether  less  elp^autly  madr.  Speci* 
tnena  from  the  North  Atlantic  arc  commnniy  from  ^^ 
to  T<7  ioeh  (04  mm.  lo  Oti  mm.)  in  length,  broad  and 
rii  '  '  ^t  the  Ruperior  cud,  and  tapering  to  a  point; 
I  ire  eouvex  and  but  shiihlU  excavated  at  the 

»i  ■il?S, 

ParkpT  anil  Joni»  ('  Phil.  Trans.,'  vol.  cW, 
[  now  that  tlin    two    d'Orbi^nian    fotmn   above 

n '-'.    ate   in    near    relationship,   but    I    cannot 

follnw  Ifaum  bo  far  as  to  inelude  both  under  the  same 
name :  indeed,  J  fhvuJd  pre/or  to  assign  some  of  the 
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flpocimenx  tliey  figure  (op-cii.  n!.  15,  fiss.  13 — IT)  (o  Ihe 
«]>eci«i  now  (Ies<"tibe<l  tathcr  ifmn  to  5.  eleganli»Bima. 

B.  aubcyiintirica,  nov.,  is  miotlieT  form  bclon;itn^  to  ibe 
same  group  ns  B  subltres.  The  tost  is  clongittc,  sub> 
Cfliii(lric«l  {not  UpcTii:K)>  tW  two  vikU  njuaUy  rnunilt^, 
and  Ilia  surf&ce  but  little  excavated  at  the  suturfs. 
The  segmeQta  are  few,  and  their  epiral  arTan;;einent  is 
very  obscure :  the  aperture  takes  the  form  of  a  narrow, 
nearly  erect  slit,  near  the  biisc  of  the  final  segmeoi. 
l^'"gtl>.  tV  >">ch  (0-6  mm.). 

J5.  Williamsoniana,  woi. — Test  elongate,  cylindrical,  more 
or  less  sinuate  in  contour,  circiilnr  in  transverse  sec- 
tion ;  compo«od  of  n  spiral  baud  of  long  narrow,  nearly 
erect  segments.  Inferior  extremity  slightly  (apering  and 
rounded,  superior  obliquely  truncate.  Surface  trHTersed 
from  end  lo  end  by  a  series  of  sometrbat  sinnnle  and 
diagonal  pArallcl  cosia;,  which  entirely  nlM^ure  llio 
interna)  strncture.  Aperture  simple,  aituatein  a  denn»- 
sion  at  the  centre  of  the  oblique  superior  face,  liordered 
by  radiating  lines.     I.ength, ,',,  inch  (0'64  mm.)  or  leas. 

BowrjNA,  d'Orhigny. 
Excepting  the  genus  Lagena,  ihere  ts  no  group  of  hyalin" 
Foramiiiiferii  the  knowledge  of  the  varietal  moditicalions  of 
which  has  received  Inr^^er  accessions  from  the  study  of  the 
"  Challenger  "  materia),  than  that  comprtiiing  the  abrrrant 
forms  of  Buiimina,  included  under  the  suhgenerio  lenu* 
Virgulina  »nd  Solietna.  Itoth  diverge  from  the  typical  plan 
of  Stntcture  in  (heir  tendency  la  become  more  or  less  retju- 
inrly  binerial,  inxtcad  of  spiral,  in  the  arrangemciiE  of  llicir 
chambers,  whilst  they  usually  retain  the  ehatncU'risiic 
Bulimiae  aperture,  li  is  impossible  lo  separate  tfaebo  two 
auhgeneru  one  from  another  by  any  well-defined  or  perma- 
nent peculiaritv;  all  that  can  be  said  to  distinguish  them 
u  that  Virgulina  is  more  Bulimine  and  letti  Ti^xiula- 
rian  in  the  disposition  of  its  segments,  and  that  ItoUvma  is 
mure  Texlnlikriaii  anil  less  Bulimine.  Whilst,  therefore,  it 
is  com (larii lively  ensy  lo  aMotialc  VirgHUna  yi\\h  its  tjpcj 
Boliema  often  uuly  iH-trays  ilR  nflitiiiy  by  ihcain-rtunr,  whin 
is  either  coinmB-ftliaped,  Lwixted,  lunthed,  unsyniaieirical' 
oval,  or  of  some  other  form  within  (he  range  of  variation 
be  fuuail  iu  Buiimina  iuclf.  In  the  varieties  of  Vir^. 
Una  we  6nd  all  the  links  cnnnecling  Bolivina  with  >! 
typical    Buiimina.     Two   or   ihrep   umli-KcHI'  '  i^ 

f7rytf/iN(i  (nay  he  uniiltiid  ftnm  the  prrMUl   .  _ 

aieriptiuQS  in  few  words  would  be  acarcelj  intii'llj|[ihle  with- 


MOtSS  OS  SBTICDLASIAN  RHISOFODA. 


57 


eat   figures ;  of  B«Heiaa  the  foltouing  new  foims  may  be 

placet)  on  record. 

UoltriHa  porre^la,  nov. — Test  eIoni;ate,  straight,  Blichdy 
tJiperinij,  finger-nhnpcil,  soinowhat  romprcswd  ;  mitrgiii 
and  cnth  roiimM.  Ht'^^mciiu  about  att  broail  us  long, 
ihe  earlier  ODes  arranged  on  the  normal  TextuIarUu 
plan,  ibe  later  onea  tailing  a  nearly  triangular  form, 
each  extending  the  entire  width  of  tho  test,  the  vtitures 
forming  a  tigug  line  from  side  to  side.  Walls  thin 
and  clear,  very  finely  perforated;  sutural  depressionaL 
very  slifjht.  Aperture  large, terminal, oblique.  Length,' 
■A"  inch  (0-9  mm,). 

B.  timbata,  nov.— Teflt  elongate,  tapering,  compre&sed,  more 
or  less  twisted;  margin  angular  or  only  slightly 
rounded,  einuale.  Sutures  irrcgulnrly  curved,  limbale, 
especially  near  the  points  of  contact  of  the  two  serira  of 
vegnienla  on  both  faces  of  the  shell.  Length,  y^  inch, 
(0-75  mm.). 

B.  tetntit,  nov. — Test  thin,  outspread,  broadly  ellipttcnl, 
slightly  convex  on  both  side*  ;  margin  acute.  Segminils 
few,  each  with  a  sort  of  supplementary  lobe,  the  lobes 
collectively  presenting  the  appearance  of  «  series  of 
chamberleu  down  the  median  line.  Aperture  on  the 
obliqoe  face  of  the  terminal  chamber  surrounded  by 
radialiDg  lincji.  Dimfuslons,  j',  by  i-i,,  inch  (O'S  by 
026  mm.). 

S.  Umgata,  nor. — Test  elongate,  ihin,  complanate,  broadest 
at  the  centre,  tapering  and  rounded  towards  tho  ends. 
Segments  few  in  number,  Textularian  in  aTrangemunt, 
broad,  flattened  on  both  faces,  bordered  both  at  eutiirea 
and  periphery  by  a  narrow  band  of  clear  shell-subaiance. 
Sature«  flush  ;  aperlure  larffc,  irregularly  oval,  oblique. 
Length,  ^  inch  (0-13  mm.). 

S.  lorttioaa,  nov. — Tt-M  elongate,  tapering,  broadest  near  tha 
top;  the  sides  benl  obliquely  towards  the  median  line,  ( 
so  as  to  tti^e  the  whole  shell  a  twisted  contour  ;  margin 
tliin,  sharp,  lobulaio.  Segments  numerous,  loug,naiTow, 
projecting  and  rounded  at  the  free  ends.  Shell  oenspi- 
cuously  perforated.     Length,  -^V  iiK^h  (0*45  mm.)< 

S.  jtygmtra,  nov. — Test  short,  broad,  biconvex,  widest  near 
the  top,  and  taprring  to  a  point  at  the  bane.  Se^inenta 
numerous,  yomenhut  inflated,  the  periphi-ral  ends  ex- 
tended into  sharp  points  directed  obliquely  or  borieon- 
tally.    Length,  ris  inch  (O'SfS  mm.}. 

B.  roiutla,  nov. — Test  elongate,  (Mimpn's^rd,  broad  and 
nnindcd  at  the  superior  extremity,  tapering  to  a  point. 
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aoi  frcti'iciit))'  trrminating  in  a  lon^,  atoul  apine  at  tli 
iiifsrior  vaA.    Te«l  thickest  on  llie  median   Itn«,  and 
sloping  away  symmelricnlly  to  the  titles;  margin  buI 
acute.     Segmcnlit  iiumcrou*,  about  ten  in  wmjH  sericaj 
loiiR,  cuT^ctl,  obliquely  set.     Shell  stoutly  built,  mtiari: 
thickened,   usually   Iimbate   and   somewhat   crenulate 
externally.     Lenxih,  ^  inch  (0'6  mm.). 

S.  deetmala,  nor. — Teit  cloni^tc,  compresaed ;  broad  and 
obliquely  Inmcaln  at  the  superior  eslremilv,  and  taper- 
in';  to  a  ronndeil  point  at  the  infenuri  mnr^in  thick, 
aquare,  or   slightly    rounded,    lobuUte.     Surface   Ix-n 
with  low  promiiirnccx  or  botsea,  rounded  or  suban^ul 
in  outline,  arranzMi  vritli  aomc  rrf^larily  in  oblique 
rows,  about  four  in  each  row,  and  eniirvly  ooacealiG 
the  septalion.     LenRtb,  -^  inch  (0*5inai.). 

Ji.  Hantkeniana,  nov. — Teal  depresacd,  equally  convex 
the  two  faces;   varying  in  contour,  from  a  relatively 
long  form  upcring  to  a  point  at  the  liuMr,  to  broadly 
oral  one  with  rounded  ends.     Composed  of  iiumerouar 
rounded,  inflated  segmenia,  in  two  more  or  leas  regular 
alternating   series,   surrounded   by  a  delicate   keel 
varying  width  and  completeness.      Surface  often  tr 
Tcr«od  by  ahorl,  delicate,  longitudinal  oMiiv.     Hie  lor 
narrow  specimens  seldom  have  a  cotitinucHia  wins 
keel,   and    they   attain   a   length    of    about   t^   lae 
(0'9  mm.),  whilst  those  of  wider  proportions  with  till 
brDBder  morr  n-gular  wing  are  lesa  than  -^  inch  loaf{ 
(0*6  mm.)  and  about  i\  inch  (O'S  mm.)  bmnd. 

JB.  ICarrcriana,  noT, — ^Tett  elongate,  ta|iering,  bntadesi  near 
the  top,  somewhat  depressed ;  inferior  extremity  (wintiMl, 
often  mucrotiatc  ;  margin  thick  and  rounded,  lobulale. 
Surface  of  the  test  oriiamctited  with  nnmrrous  delicate, 
often  branching,  or  otherwise  irregnkr,  longitudinal  . 
ribs.  Segments  inflated ;  aperture  large,  obliqu^H 
Length,  A  inch  (0-68  mm.).  ^^ 

B.hhala,  nov.^Test  elongate,  depressed,  digitate;  superior 
estreinity  obliquely  truncate  ur  rDundcd,  inferior  obtv 
Segments  inllated,  especially  the  later  ones,  their 
liberal  margins  subangiilnr.     Surface  of  the  later  chum' 
twra  more  or  less  granuUted.     Bututvs  ihirkened,  deepli 
sunk.       .^piftMro   a   lotig  oval  ulit    r  i]   at 

middle  ;  nearly  central.     Length  ^^'^  ii  'um.). 

B.   Se/npagcriana,   nov. — Test   oblong,   bicmtvex,    bmaiKi 
uvnr  the  middle,  tapering  to  a  blunt  pniul  at  the  {% 
ferioT  extremity  ;  margin  carinate.      Keel  wideat  nc 
the  middle  uf  the  shell,  abtent  at   thti   iufeiiat 
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Sutares  timbatp,  ihp  limbatton  taking  the  form  of  raisM 
brad^  or  irrcj^lnr  Iiiic4  orshrll-$ubs(imcp  on  both  sides  ■ 
of  the  tMt,  chii'flv  near  the.  point*  of  cnntitrt  cif  thr  two 
oppotinz  Maries  of  segments.  Surface  oiderwise  «moot)i. 
Aperture  lar^e,  witli  an  oblique  pTojectinK  tooth  near 
the  superior  end.  Ix-ngth,  ^  inch  (056  mm.);  breadlh 
neat  the  middle  of  the  test  only  alighlly  le«. 

B.  amyydaUeformia,  nov. — ^Test  oteI,  compressei),  almond- 
ahaped ;  encla  obtuse  or  rounded,  periphery  roumled. 
Segments  few;  septation  obBcnrctl  by  n  suHvcc  orna« 
mentation  of  ittoiil,  branchinj;,  longitudinal  eo«toe. 
Terminal  chamber  nearly  smooth  and  compicuouitly 
perforated ;  aperture  central,  of  long  oval  form, 
■lightly  constricted  it  the  middle.  Length,  -^  inch 
(0-72  mm.). 

B.  itdaaffularit,  nor. — ^Test  oblong,  tapering,  etoulty  built, 
more  or  leas  anjtular,  somewhat  concave  or  eicarated  on 
both  sides;  inferior  extremity  obtus^-ly  pointed.  The 
angular  contour  is  dctTminrd  by  the  prominence  of 
Buperficial  coatK,  the  jinucipal  of  vhich,  six  in  number, 
are  placed,  one  down  each  lateral  marRin  and  two  down 
each  face  of  the  test.  Aperture  comma-shaped.  Length, 
•^  ioch  (0-4S  mm.). 

Cassiduuka,  d'Orbignj. 

Casautttlina  Parkfriana,  nov.— Test  crosier -shaped  ;  spiral 
portion  short,  somewhat  comprc!t«cd,  composed  of  few 
Mgmenl*  arTang<>d  as  in  C  eratta ;  linear  portion 
•ttsight  or  arcuate,  cylindrical,  biserial,  the  ends  of  the 
aegmenta  overlapping  alternately ;  chambers  short, 
Tentricose.  Aperture  comma-»huped,  cituated  on  one 
of  the  lateral  faces  of  the  terminal  segment,  near  ita 
ftpei.     length,  A  inch  (0-57  mm.). 

The  Rev.  A.  M.  Norman  has  ft  crosier- shaped  speciea 
in  tom«  respects  similar  to  this,  with  the  mnniiscHpt 
^^  nam*  Catlidtiiina  Bradyi,  but  the  segmrnta  arc  long 
^^B  and  oblique,  and  the  whole  shell  is  compressed  and 
^^         Vapnu!ifui-\\\ii. 

r  C.  Jenttiana,  nov. — Teat  oblong  or  ovale ;  external  aspect  of 
U  thv  superior  surface  like  that  of  n  very  thick  Koinlinn, 

I  with  slightly  inflated  chamhent  and  rounded  margin.  On 

I  the  inferior  face  the  urobiliral  ends  of  the  chambers  fall 

^^  abort  of  the  centre,  leaving  a  deep  cavity  or  dcprcMion, 
^H  from  which  the  apcriute  proceeds,  taking  the  form  of  a 
^H  eurved,  nearly  erect  slit,  on  the  inferior  face  of  the  large 
^^^       lenninal  chamber.     Diameter,  ^  inch  (0*7  mm.). 
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C.  ttihgldhftta,  nor. — A  large,  ihick,  few-cliambered,  sai 
biilar  sUl-U;  the  doreal  margin  gibbous  and  rouadf 
ihe  vcDtial  Iros  codvvx  ;   apcrturo  in   the  futni  of  an 
obliquely -Ml  loop  ou  the  veutral  face  of  the  tertnioi 
MgmenL     Diameter,  -^  inch  (0'7  mm.). 

EnRKNBBROINA,  Reuss. 
Shrttlhtrijiria  hytfrix,  nor. — Shell  somewhat  ovale  in  gfi: 
ral  form,  the  superior  end  bnnd  and  rounded.  St-gmen 
few,  regular  and  ahcniat*!  on  thi.*  dnmiil  fan-,  rniirus4-d 
on  ihe  rentral,  their  free  ends  leimitiatin^  iii  latt^ra) 
Bpiuen.  The  suiurnl  lines  on  the  dorsa]  side  miirk<-d 
by  rows  of  spinve,  ■omctimes  fuMd  into  a  fiing^-likc 
projection  from  the  shell-wall ;  ihe  ventral  surfact!  of  the 
earlier  s«gmenls  alao  beset  with  alout  spines  nr  tuber- 
cles.  .\perture  large,  curved,  situated  in  a  depression 
on  the  infiiited  face  of  tite  tvmiinat  segment,  which  ii>i 
ornnmcnird  externally  with  radiating  lines.  Ijeiigth 
1^  tn«h  (0'75  mm.). 

Laorma,  Walker  &  Jacob. 
Whilst  the  simplicity  of  the  typical  stnicture  of  Ijag< 
limits  the  ran^e  of  variation  in  general  form,  it  aii{>eat« 
favour  the  production  of  an  endless  diversity  of  surfnc 
ornamentation.  It  is  impouiihle  to  redo-^nise  as  "species," 
or  by  any  word  of  »imiUr  signiticante,  Uiir  succcwivc  terms 
of  a  series  where  every  intermediate  link  may  easily  Ik- 
found ;  nor  is  it  easy  under  such  circumsiances  to  select  the 
points  where  the  chain  may  best  be  broken  to  form  groups 
which  have  any  approach  to  true  specific  value.  In  append- 
ing names,  thrrefiire,  to  some  of  the  more  striking  and  more 
easily  defined  modifications  of  the  genus,  it  is  to  be  under- 
stood thitt  (hey  arc  no  more  than  varietal  or  suhvnrietal 
distinctions.  CnOer  thcsv  circunictancc*  it  has  not  hoei 
thought  nMessary,  at  Ihe  moment,  to  do  more  than  indica 
characteristic  peeuliariiies,  whether  of  contour  nr  omameiti 
Lagena  boidiiformis,  nov. — ^T«t  unomamented ;  long,  cyli 

dricnl,  of  even  dt  am  vler,  arcuate,  ends  rounded)  imtoMv 

lenian. 
I..qiu»^etatera,nat. — A  (ive-sided  mollification  oi L.tmri* 

angle*  sharp  or  cariuate  ;  surface  unotnameuled  or  vu 

faintly  striate;  ectosolenian. 
ii.  Mtrlligrra,  nuT. —  Pyrifomi,  ento*  nr  vctu-tolcntan,  wllli 

eirtular  rim  urtollnr  at  the  base, one  third  (hf  diani4* 

of  the  shi  It,  ttiiil  a  numhur  uf  slinrt  ribs  (6—12)  ndi. 

ing  fruni  i). 
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L.  longiapiita,  nov. — A  varietj-  of  L.  gUAosa,  dlher  globular 
or  »omewhiit  compreMcd,  armed  with  long,  Etout  spines 
HI  the  hue. 

X>.  taiijwiruhla,  nnv.— Pyriform,  compressed;  infeiiof  end 
broad  and  tapering  to  •  ihin  edgp,  which  is  furoiBhed 
with  a  number  of  curved  Iwlh  »el  fymmrtriciilty. 

X.  tatmira,  nov. — Tt^tti  elongate,  cumpreHM^d,  leaf-ahaped, 
tapering  to  a  point  at  both  ends ;  consists  of  a  central, 
rireular,  bi-convex  chnmhrr,  with  a  larfiB  peripheral 
wing,  narrow  at  the  aides,  but  much  developed  at  bue 
and  apex. 

£,.  tuyftifrra,  tiov. — Chamber  oval  or  p)-r!form,  biconvex, 
with  long  ectosoleninn  neck;  periplicry  furnithvd  with 
a  broad  laminnr  wing  IraverMd  by  parallel  or  radiating 
tubuli. 

L.  tubulifcrc.  rnr.  tenuitlriata,  nov, — A  subrarietj  of  th« 
last-named,  the  body  of  the  shell  omaineuttd  with 
delicate  longitudinal  striie. 

I,.fimbriata,  nov, — Compietscil,  broadeal  at  the  base,  tsper- 
ing  upwards;  ento- or  ecto-solenian  ;  furnished  with  a 
deep  prriiendiculnr  wing  or  fringe  running:  round  the 
ova]  base;  the  wing  travelled  by  p»Tallcl  tubtili. 

X..  auriculata,  DOT.  {/ypica).— Pyriform,  compresiod  bilate- 
rally, ufually  entosolciiian ;  on  each  aide,  near  thi^  base, 
a  loop-like  wing  encloses  a  portion  of  the  peripheral 
margin ;  or  •omelimea  the  whole  periphery  is  bordered 
bT  a  wing  which  divides  near  the  \>«*e,  on  each  side,  so 
as  to  form  a  Mrt  of  loop.  When  the  wing  forming  the 
loop  is  deep  it  is  usually  tubulated. 

M,,  aurieulata,  rar.  aulitriala,  nnv.,  has,  in  addition,  indica- 
tions of  riblets  near  the  base  and  apex  of  ihc  test. 

X,.  ettriruhta,  var.  autata,  nov.,  has  the  body  of  the  shell 
•tnmgly  coeUte,  and  is  frequently  armed  at  tlie  base 
with  short  spines. 

Zr.  tfti«moi&-aiala,  nov. — Body  of  the  test  like  L.  aquatnoto- 
marginata,  P.  &  J.,  but  with  a  further  ornnmenta- 
tion  consisting  of  a  reticulated  border  and  a  broad 
tapering  wing  with  radiate  marginal  markings. 

It.  eanata,  nov. — Shajw  unsymmetrical,  subglobular,  gib- 
bous,  somewhat  compressed,  with  an  ontosolenian 
aperture  at  each  end.  Surface-ornament  conKisiing  of 
irtestilar,  slightly  raised,  rounded,  longitudinal  riblets. 

X,.  extcmpta,  nuv.~^haped  like  L.  ghbota,  or  somewhat 
comprvsseil;  entosolenian.  Surface-ornament  consist- 
ing of  an  excavated  star  radiating  from  the  centre  of 
the  inferior  end.     Radii  fluted,  bio-id,  and  rounded  at 
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the  uppei  extremity,  exteoding  nrarly  balf-war  up 
ivtU 

i.  Wriijhtiana,  nov. — Test  oval  Aatteiied,  with  a  ibiri  peri- 

rihctttl  border,  Euriiiount«d  by  a  atout  sessile  pbialioc 
ip;  aperture  eDtoogk-niuii.  Surruco-oro anient  consist* 
iog  of  a  number  of  longitudinal,  pnruUel,  excavated 
gioovrit  covering  the  two  sides,  except  the  ceutrai  por- 
tion* which  are  smooth. 

I..  Jacoac- punctata,  nov. — Shape  variable;  surface- omameot 
coiisiuting  ut'  a    raiM'il   rvticulation,  with  an   orifice 
perroriition  in  the  middle  of  each  depression. 

Ii.  I^ulztana,  uov. — Test  oval,  compTessed,  sub-carinate 
ude*  flat ;  neck  wide  and  ycry  short,  finished  wiih 
rounded  lip.    Surface-ornament  cousinting  of  transverse 
bars,  faorixontal  in  the  middle  and  bent  dowawards  at 
an  angle,  near  the  periphery. 

£.  triifotto-omato,  nov. — General  form  similar  to  L.  trigono- 
tnargtHata,  P.  &  J,  The  peripheral  angles  are  lim- 
bale,  reticulated  externally,  aiid  much  perforated. 

L.  ptutnU/rra,  nov. — Flask  •shaped,  with  long  slender  ueck; 
surface-ornament  consisting  of  ten  to  twelve  longitudi- 
nal costic,  developed  (especially  nt  their  lower  ends) 
into  wide  tubulated  wings. 

L.  quadralata,  nov. — Flask-shaped,  cctosolenien  ;  (umished 
with  four  eqtii-di)iiant,  bToitii,lubuUtcd  wiugn,  reaching 
from  nciir  tlie  eitlremity  of  (he  neck  to  the  base  of  the 
shell ;  tlie  body  of  the  test  haviu;;  an  additional  sutIkc^ 
ornament  of  fine  longitudinal  stria;. 

L.  torquata,  nov. — Test  tlask-shapcd   with   tapering  necl 
Surface-ornament  consisting  of  broad  longitudinal  eos^ 
with  depressions  or  |>erforations  at  regular  interv 
down  tlio  centre  of  each ;  aliernating  with  tliese 
narrower  non-perforate  ribs,  and  the  whole  are  anited 
by  secondary  or  less  elevated  crossbars. 

L.  Ucrttngiana,  nov. — Pyriform,  with  delicate  ectosolenian 
neck  rising  abruptly  from  the  apex.  Surface  finely 
rvliculsted,  each  angular  mesh  witn  a  conspicuous  per- 
foration in  the  centre.  Sections  ithow  that  tlie  shell- 
wall  is  douhlv,  that  the  intermediate  8{tace  is  divided 
into  ecll-1  ur  ekainbeflets  bj  pei|>endicular  walls, 
which  the  external  nreolation  marks  the  position,  a: 
that  the  larger  pvrfuiations  opvii  inlw  the  cvntre  uf  the 
cells.     Lcugtlt,  jV  inch  (0-.'j4  mm.}. 

This  is  a  particularly  interesting  species  in  lis 
ing  upon  recently  expressed  riews  on  the  Daityloporidi 
Hm,  ut  least,  is  an   undoubted   hyaline  Foraminift 
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with  s  gcii«ritl  apcrlure  in  a  delicate  tratisfiareitt  ecto- 
»ulrni»u  npck,  nnd  a  vclluUr  ehell-WitU  like  Ocuiile*, 
eacli  chamberlet  proviileil  with  an  exUiiual  gridcc. 


NoooaARiA,  Lamarck. 
Sodotaria  inUrceUularu,  DOT. — Test  arcuate  (Dtsiitnline), 
infcnoT    rxtrcaiiiy    UHuulIy    tnticrouate,     composed    uf 
about  nix  M-gnifiil*,  lUc  rarlior  of  tvliicli  arc  sub-cyltu- 
dtical,  or  ouly  eligblly  iiillated,  the   latet   mica  ellip- 
tical   or   pjriforin.     Surfnce-orDanient   of    the    earlier 
•vgnicnU  coiisisting  of  longitudinal  costn; ;    the  later 
chambers  marked   by  lines  uf  closely  aet  pcrforalioti« 
which  comrouiiicate  with  chamberlels  fortDed  in   the 
funoiTS  betweeu  the  ribs.     The  structure  of  ike  later 
■pgtnpnts  cluM-ly  r»vnib1v«  that  of  Laifcna  Ilcrtwi'jiana, 
Ni.'ck  lung,  with  annular  or  apiral  rained  nriianicnt  and 
ubiaiine  or  cleft  lip.     Length,  ^^i  inch  (16  mm.). 
N.  aiit/storum,  nov. — Test  stout,  thick  •shelled  .nearly  straight, 
often  irregularly  built.     Segtnvntv  uliont  tive  in  num- 
ber, aubgluboM,  Muinetvhat  irre)jular  in  slia)>e  and  site; 
.primordial  chamber,  irhich  is  uBuatly  the  largest,  fur- 
nished at  its  base  with  a  number  of  short  stout  spines; 
neck  abort  aud  broad,  with  large  phiaUuv  lip.   Length, 
4  inch  (2'8  mm.). 

^V  VaoinDi-ika,  d'Orbigny. 

r  VajiiaJina  tpintgera,  nov. — General  form  that  of  short, 
\  broad,  somewhat  tapering  specimens  of  V.  Ugumen,  but 

I  funtifhcd  at  the  base  with  two  (rarely  three  or  more) 

^K  looz  stout  Rpiiicf,  one  of  which  is  usually  continuous 
^0  with  the  main  axis  of  the  shell,  the  others  radiating  at 
f  various  angles.     Length  of  the  body  of  the  shell,  |  inch 

I  (3*5  mm.])  t^o  spinet  uflcn  twu  thirds  as  much,or  even 

I  occasionally  as  long  as  the  shell  itself. 

Mr  Whiteaves  has  accurately  deaeriWd  this  form,'  hut 
beyond  alluding  to  it  as  a  species  of  ManjinuHna,  has  not 
pven  it  a  name.  In  one  of  the  dredging  lists  published  by 
the  lalv  Or.  )L  Sars,  the  nann-  Martjiniiitiut  spmos't  occurs,' 
but  without  any  duKrlption  or  Other  indication  uf  characters, 
iUid  it  is  difiicult  noiv  to  say  what  was  intended.  Sn  fur 
as  the  distiociion  between  VagintUiiia  aud  Margint^ma  is 
of  any  value,  the  species  appears  to  belong  to  the  former 
rather  than  the  latter  genus;  and  as  thu  want  of  a  recug- 
niaed  name  for  it  has  been  a  i>i>urce  of  some  inconvenience, 

'  '  Repart  Brit.  Awmc.,'  \^li  -,  '  Inax.  fictAmta'  p.  1  V\. 
(  •  ViikB«k..SGlil.  rorhaDillir.gcr '  for  l&m,  p.  213. 
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it  tei-m*  l>e«l  to  lake  this  opponunity  to  rupplj  ihe  A 
ciencf. 

Cbistellaria,  Lamarck. 

CrUt^aria  StdtiaUiana,  nor. — Tret  spiral,  explaoate,  with  ■ 
tvndt^ncy  U>  l^coiue  oeutrifugal  or  crosier-tbaped ;  ex- 
Itemely  tbio,  usually  surrounded  bj-  a  broad,  delicate 
wiog,  except  the  septal  or  ventral  face  of  tbc  tcrmitwl 
srtfiueiK;  the  wiiif;  often  extending  between  aud  wpa- 
rating  tb«  last  two  convolutions  of  tlie  diKoidal  portion. 
Segtueuis  numerous,  very  slightly  inflated,  forming  two 
or  more  convolutions,  the  whole  of  which  are  TisiUc  on 
bolb  sides  of  tbc  shell.  Longer  diameter,  ,*a  toch 
(1-S6  mm.)  or  more. 

C.$emmata,  uoy. — Test  broad,  oblong,  compresaed  (Planu- 
larian);  earlier  chnmbi-rs  spirul  and  embracing,  later 
ones  broad  and  arcuate;  eaeh  segment  ornamented 
with  a  row  of  exogenous  beads  either  upon  the  sutural 
lines  or  |>aranel  to  them.     Length,  ,<•  io<=b  (1*26  mm.). 

PoLVMOltPHiBA,  d'Orbigny. 

PolymorpkiM  lonffkoHit,  nov. — Test  long-ovate,  aubcylindri* 

cal  or  fusiform;  segmenUt  fe^v,  etcci,  slightly  ventricose, 

the  final  one  hispid  externally,  and   terminating  in  a 

long  neck  with  phialinc  lip.  length,  ,V  inch  (06  mm.). 

An  interesting  inlennodinlc  link;  the  general  cbaraetcra 

are  Lbo*c  of  I'oiymvrphiaa,  the    neck  and  Up  essentially 

tboM  of  Vtigeritta. 

DviCBiiiMA,  d'Orbigny. 

Vtigtraut  tfnnipcs,  nov. — Test  elongate,  subcyliadrtcal, 
slightly  compressed  on  three  sides;  tapering  to  a  point 
at  the  infenor  end,  and  armed  with  numerous  epinea 
directed  downwards.  Segments  inflated,  diatinci,  aome- 
wbat  irregularly  combined.   Length.  -^  inch  ('7T  mm.], 

SAaAiKA,  d'Orbigny. 

Satfrina  coiumfllaru,uoi. — Test  long,  nearly  struigbt,  cylin- 
drical, slightly  taperingi  iufcngr  extremity  ruuud  or 
bluntly  angular  ;  superior,  broad  and  convex.  UvigB- 
rine  chambers  few,  distini:!;  uniserial  segments  nume- 
rous, sbott,  very  liltle  constricted  at  the  sulural  lines. 
Apertttra  large,  simple,  with  sessile  phialimt  Up. 
Length,  -^  inch  (11  mm.). 
hifnina,  nov. — Ttst  elongate,  compressed,  both  sides 
aligbtly  ooocave  along  the  median  Una;  m^ripn  tliiok 
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uiil  rounded.  UTigunrtc  chambers  few,  dtatinct;  those 
at  (he  lioDftT  E«rit.-it  niimcroue,  ehort,  uot  inflated. 
Siliun  du»h  ttxtvmally;  scpui  thickcaed  by  deposit  of 
(ittr  ahull  >ub3tanc«.  Ap«rture  large,  uvii],»uiTOuiidud 
^  a seaaile  Up.     length  y,  inch  (084  mm.). 

PiRcoRinKA,  Paiker  &  Joiie*. 

tabcntaculuri*,  nor, — Test  conical  or  lent-sfaaped, 
Minicvthnt  arclivt),  infutior  Kurfnce  conciivr.  Scg- 
ucnU  long,  oblique,  arranged  iti  about  thre«  convolu- 
liotu;  septal  lines  exteriiiilly  iimbale  in  snmll  specl- 
meus.  Id  latter  ones  hidden  bj  tbe  general  thickening 
of  tba  sbell-wall.  Inferior  surface  ornnmenud  with 
radiadng  stria;  or  cronulalious  ;  i^uperior  irith  «tritv  or 
ineguUr  costK  radiating  from  the  apex,  Uianieter, 
~r  io'^h  CO'25  mm.). 

some  localiliea  Bpecimens  of  D.  tabernacularis  are  met 
in  pairs,  that  is  to  say,  two  shells  tirnily  attached 
bases.     Tho  same  condition  is  not  unfrequcnt  in 
piUoitu,  d'Otl).,  and  V.  Pari»iemi$,  d'Oib. 

^^H  TacnCATruNA  d'Orbignj. 

^^^Ktutina  roatrata,  uov. — Test  biconvex,  subnautiloid, 
^^l^litly  unfivinnietrieal;  i)criphery  thin,  subcarinate. 
^VChamhets  eqnitani;  about  ten  in  the  final  convolution. 
H   which  completely  enclu»e»  the   (wnultimaie.     Sutures 

■  Qmbale.  especially  near  the  centre  j  marked  by  inden- 
I        latlons   at    the   periphery.     The    true  aperture   is  an 

■rcbtid,  labiate  opening,  placed  transversely  on  the  face 

■  of  the  terminal  8e;;menl,  close  to  the  margin  of  the 
H    previuua  convolution  ;  but  there  is  usually,  in  addition, 

a  second  or  rjmrious  uriticc,  in  the  form  of  a  vertical 

^  till  in  thv  l>c>k-liki:  projection  of  the  peripheral  angle 

^1  of  tbt!  bame.     Diameter,  ^  inch  (0*84  mm.). 

W.  RtbfrtiOfiiana,  nov, — Shell  spiral,  lenticular ;  superior 

surface   Bli^hlly   convex;    inferior    convex,   somewhat 

depressed  at   ine  umbilicus;  consists  of  four  or  more 

EonviilutionB,  of  nliich  the  whole  are  visible  on   the 

i  superior  face,  whilst  on  the  inferior  the  last  wbnrl 
conceals  all  preceding  it,  except  n  small  area  in  the 
e«alrr.  St-gmenU  very  numerous,  13  or  14  in  the 
final  convfilution.  I'eiipherv  angular,  oven,  not  con- 
Buii-ti^d  at  the  sutures.  Colour,  rich  brown,  deejiest 
near  the  centre  and  at  tbe  sitiurai  lines.  Uiameter, 
-,ir  inrh  (fh7  mm.  I. 
ZZl , 
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TV.  marQarilifera,  nuv.— SIic-ll  apin);  sUghUy  vouvm  di 
nearly  flat  on  iu  su|«rior  siiHace,  convex  on  llu-  inftt- 
rior;  margiu  aharp,  ■ubcariniLle,  lobutate.  ('hamb«fs 
very  numerous,  ail  vitihle  on  the  superior  fate,  the  Ust 
convolution  oiily  on  the  inferior.  Sutural  lines  oo  both 
sides  tnurkod  by  toits  of  exogenous  bead*  of  clear  shell* 
su1ut«ncr,  largest  near  tbe  centre  of  ttie  test.  Diameter, 
V,  inch  (1-S6  mm.). 

3r.  v4uta,  nor. — Shell  elongate,  conpresaeil ;  composed  of 
8  line  of  inequilateral  Besmente,  arranf;ed  Bpirally,  the 
earlier  ones  embracing,  ine  later  ones  free.  Periphery 
■harp,  furnished  with  a  tubulated  fringe  or  keel,  and 
the  surface  of  the  »licll  othertvi»e  more  or  less  oru- 
menled  with  tuhtTcles.  -Aperture  a  fiirved  alii  in  the 
line  of  ihe  periphery  at  the  extremity  of  the  last  cham- 
ber, furnished  with  a  phialine  lip.  Length,  ^„  inch 
(0-S6  mm.). 

PcLviKULiNA,  Parker  &  Joom. 

P.proctrn,  nov. — Shell  spiral;  superior  surface  forming 
elevated  cone  with  louniled  apex ;  inferior,  fiat  or  tru 
cate.  Chambers  numerous,  about  six  in  Ihe  last  conro 
lotion,  oblique ;  segmenution  usually  obscure,  except 
ou  the  inferior  aapcct,  where  the  sutures  and  periphery 
are  more  or  le^s  ltmb«te.  Aperture,  an  arched  clil  on 
tbe  inferior  side  of  tbe  last  segment,  wtu  the  unibiJicu». 
Diameter^  Vi  'ios)i  (1*1  mm.}. 
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PoLYSTOMKLU,  Lam«iclc. 

PofysUtmeUa   in^erairix,  nov. — Test  spirtkl,  symmebr 

discoidal,  complanBtc;  peripheral  margin  rounded  or 
■ubangular,  furnislied  with  several  (three  to  six)  stout 
spines.  Septal  ridges  only  Nliglilly  limbate,  murkci) 
with  pitted  depreuions;  retral  bars  very  niiiticious, 
dflicaie,  irregular,  sometimes  blanching.  Uiuuieier, 
Vr  inch  I'l*"  mm.). 

P.  tm-ricidata,  nov. — Test  tpirul,  much  depressed;    aJdea 
flattened  ;  margin  anguur  or  slightly  rounded.     Septa] 
ridges  itnd  miral  bars  forming  a  coaise,  mtit*  or  Ic 
r^uUr,  rai»i'd  nelwork,  covering  the  surface  of  \\ 
shell.    Diameter,  ■,!(  inch  (0'6  mn.). 

CvcLocLYrxcs,  Carpenter. 
Vifdoct^jteut  Qtt€mM%ana,  nov. — A  single  ApeHmen,  nearl 
eouplele,    uf  a  ilincoiilal  foraintuirer  refeiahle  Iu  Cs 
penter's  goutu  CyeMifpeu$,  and  a  fragment  of  a  Hooti 
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of  the  MRift  tpFcies,  were  fQund  in  niateml  dredged  in 
210  falhoRiJ  off  Knndavu,  one  of  tbc  Fiji  Talands. 
Their  stmcluro  U  of  much  jimplcr  type  ihnn  that  of 
the  gigantic  ilisc9  dredged  br  Sir  K.  Belcher  on  the 
coast  of  Borueo,  which  formed  the  basis  of  Dr.  Carpen- 
ter's descriptioij  of  the  genus.  The  better  specimen  is 
n  thin  i)i«c  nbout  —  inch  (Td  mm.)  in  diameter,  some- 
what biconvex ;  the  eonvtxity  is  chiefly  in  a  limited 
area  near  the  centre  of  the  tent,  the  remnindt-r  being 
thin,  and  lajtcring  to  a  sharp  edge  at  (he  periphery. 
The  lextUTo  is  distinctly  hyaline. 

This  little  shell  nppcam  to  reprcecnt  the  "central 

chiimbfrcd   pliini-"   of  the   large   forms,   without   the 

thirki-;ii-il  shclty  ]ilnt<'S  on  the  upjH-T  anil  loirer  Kiirfnce. 

Tht  chambers  form  a  single  layer,  disposed  in  tolerably 

regaUr  annuli;  in  shape  they  are  nearly  square,  not 

eloocale  in  the  direction  of  the  radii  as  in  the  larger 

species,    and    the     septal     lines    are    slightly    raised 

externally. 

I  woali)  suggest,  for  the  sake  of  distinction,  that  the  large 

ty|>c,  whit'h,  I  believe,  has  nerer  received  «  s[»ociltc  name, 

should  be  csUM    Ct/rlociypeat  Carpenteri ;   that  now  des- 

ciihed  I  propose  to  name  aner  Professor  Giimbol,  of  Munich, 

who  has  worked  with  so  much  success  on  the  allied  genus 

OrMoidea. 


8.  KoU  on  "  Diioatlma-mud." 


In  the  second  paper  of  this  series.'  some  remarks  were 
offered  upon  the  rornminifcrn  collected  at  or  near  the 
surface  of  the  ucenn  by  mean*  of  the  low-net.  A  list  was 
givco  of  the  free -sninni ling  ^jiecii^s,  so  far  as  they  were 
known,  and  the  (|UL-.'>iton  whuiher  all  the  varieiies  of  Glohi- 
gerina  and  the  three  or  four  pelagic  species  of  Puhinuliua, 
lire  exclusively  at  the  surface  of  the  open  sea,  was  dis- 
cussed. The  recorded  facu  bearing  upon  the  subject  were 
summarised,  ns  well  as  the  results  of  my  own  observations, 
not  with  the  view  of  nnnounciu'^  any  conclusions  in  the 
matter,  but  cbivfly  i"  the  hope  of  eliciting  further  contribu- 
tions to  the  VnottW(je  of  a  subject,  concerning  which  there 
was  «ti!l  much  to  h«  learnt.  The  question,  from  a  zoulo- 
gical  Stand-point,  is  now  a  comparatively  narrow  one.  It  is 
DQt  fihetfaer  Foraminifera  do  live  at  the  bottom  of  the  sea, 

•  'auui- Joorti.  Mk.  Set.'  tol.  lis.  N-S.,  p.  7^  "Notes  on  Pelagt^ 
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down   to  its  greaint  ilcp| 
reiisonitble  doubi;  it  does 
of  tjpea  which  are  found 
or  fifty  )pecic«  or  more  w 
those  to  which  it  refers 
mainder  being  recognl 
life  nt  the  bottom.     Th 
indicxlcfl,  whether  a  cer 
only  nl  the  inrfa^e,  or  n 
floor  of  the  ocean ;   an 
importance   from   the   ( 
s]>ecies  occur  in  tuch  eri' 
ihej  constitute  the  ma 
cruise  of  the  "  Knight 
has  in  (tart  rcmoced  one 
put  fornard   nx  m-gatir 
Eurfac«  galheringtt  of  »i 
an  area  in   which  they 
and  this  is  nti&factory  n 
the    comparison   of    the 
thongh  not  yet  compler 
iu  the  opposite  direction 
moment  to  enter  again 
though  I  hope  to  revert 
is  rather  to  offer  n  fcn- 
Iwltom  over  an  area  in  ivl 
{Mtlioiida),  which  arc  \ 
living   Bpcciej,   not   only 
feature  of  the  deposit,  In, 
and  bulky  constituent. 

PrnfrMor  G.  O.  Sars,  '.  < 
on  the  Norwegian  Sea-ii  i 
short  account  uf  the  bi<  li< 
"deep-water    cold     area," 
portion  of  the  region  betn 
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put<mri;d,  <•'■"  '^^  " 
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lyou.     ProfflMor  Sirs  has  been  kind  enough  to  tend  me  a 
l^vncteriattc  aumpU  o(  thi*  " Bifoculina-mufi,"  with  ihc  fol- 
lowiii);  pnilicuUr«  a*  to  locality  : 

'■Staliou  .'52— Ul.  G6'^  4"-.y  N.,  Long.  ST  W.;  depth 
hl86S  (kthoms ;  tamperature  at  the  bottom  1-2='  Ccdl"  (about 
■  9*"  Fahr.). 

The    fine    impalpable    silt    bad    been    partly  removed 

befote  I   received   it,   I   therefore   completed   the  cleauiitg 

by   irasbiiig   it    thoroughly   on     a    >ieve    of    120    meshes 

.per  linear  iDch,  through  which    no   particles  larger   ihaa 

IO*0Od  of  an  inch  in  diameter  could   pasa.     The  lo«s  was 

f  ftbout  ti  per  cent,  of  the  entire  ivcighl,  and,  of  the  impalpable 

<  Balerial  thus  separated,  ahoiu  otic  half  wa«  calcareous,  the 

particles  e>idently  consisting  of  the  debrit  of  foraminiferous 

;,«hell«,  and  the  other  half  fine    silicious  sand.     I  have  no 

iformation  as  to  the  proportion  of  impalpable  mud  in  the 

lg«d  material   before  the   preliminary  washing,  but   as 

is  said  to  be  sufficient  to  incorporate  the  whole  into  a 

iticky  paste,  which   on   being  dried   forms   a   bard,  light- 

lOoloored,  calcareous  masSj  it  must  be   considerable.     The 

eompoaition  of  the  material  is  I  received  it  from  Professor 

San  was  as  follows — the  proportions  stated  arc  by  weight : 

BUotalM  ruuMi  (one  half  bting  entire  ihclb)    .        .  SO  p.  c 

Bafltfin/mt/m  tuJ^Monut 30    » 

OlrfjffniMr  (Hie  niaate  atclic  form)    .                        .  i    „ 
Sand  and  noall  bagmenis  of  rock  vitb  a  Teir  Coruai- 

kifen  Oiker  than  the  aboTe-named               ,        .  30    „ 

tuydpable  dCbris 6    „ 

100 

Asfluming  that   the  calcareous   part  of  the   impalpable 

mud  consists  of  the  disintegrtttvd  shells  of  the  same  species  in 

LCimilar  proportion*,  the  total  amount  of  the  deposit  derived 

[from  surface  organisms  would  not  in  this  case  exceed  4  per 

[eent.  even  were  Gtohigerina  at  all  times  pelagic. 

The  specimens  of  BUoculina  ure  very  uniform :  they  are 
of  the  stout,  inflated,  typical  form,  with  a  small  admixture 
of  the  depressed  carinate  variety,  B.  depreasa,  d'Orb. 
Hardly  less  remarkable  is  the  existence  of  so  large  a  pro- 
rtion  of  one  of  the  comparatively  small,  nautitoid,  arena- 
rceous  species,  Haphphragmtum  tubglobotum  ;  and  hero  again 
the  specimens  show  scarcely  any  variation  in  minor  char- 
■cters.  The  Ghbigerinee  are  all  of  the  minute,  subglobular, 
thiek'shelled,  arctic  l)]>e,  xhich  inav  be  fitly  named  Gl. 
thttertrei,  var.  lorealii.  AUogother  sixteen  species  of  Fora- 
Itaioifcia   were   noted,   but   beyond    thosr^   ulread}-    alluded 
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to  they  were  unimpoitant  iind   represented  by  few  iaii' 
Tiduals. 

A  sufficient  number  of  xpparentlj  cleau  specimens  of 
Bitwiuivtft  were  wlccled  for  chemical  analysis,  but  the 
result  gftve  s  praportioii  of  silica  which  suf^ee^icd  Ihat  doU 
withstanding  the  careful  waehiug  to  which  Ihcy  hnd  been 
■ubjected,  the  chnmhur  cavities  hnd  retained  a  certain  iimbuul 
of  send.  Thf  e?ip«rinicnt,  however,  was  sufficient  to  prorr 
that  the  tests  contained  no  earthy  carbonates  accept  car- 
bonate of  Utile,  and  no  phosphates. 

The  analjTfiis  of  Uaplophraginixtm  subglohotum  was  tuoie 
satiEfactur}-,  and  as  it  is  JDteiNting  to  coin|Hitv  the  chemical 
compositiun  of  the  t<r«t  of  one  of  the  noii>lahyrii:thic  tAtvola 
n-ilh  lhat  of  a  labyrintliic  Ivpe  such  ns  Cyclammina  eancei' 
lala,  of  which  the  analjiiiB  was  ^ivcn  in  a  previou&  paper 
(<  Quart.  Journ.  Mic.  Sci.,'  vol.  xix,  N.S.,  p.  iS),  I  np[>ciid 
the  details.  As  often  heretofore  I  am  indebted  to  my  frien  ~ 
Mr,  J.  T.  Dunn,  It.Se.,  for  practical  help  in  the  chenii 
pottioii  of  the  subject. 

SaphphraymiHtn  tubffloi&sum. 
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The  alumina  was  not  separately  determined,  but  as 
it  only  exists  in  small  proportion,  the  importance  of  pre- 
oxide  of  iron  us  a  coii»titue»l  is  evident ;  and  that  the  per> 
cenlNgc  is  even  larger  than  in  CyclammiNa  is  a  noteworthy 
fact.  No  phMpliurie  acid  was  present  uor  Was  there  any 
trace  of  mafjnesia. 

In    a   recent   letter,  referring  chiefly   to   the    ' 
deposit,  Profpssor  G.  O.  Sar*  states  tliat  in  thi*  [i 
the  Arctic  Ocean  lying  eaat  of  the  cold  area  already  atluiN 
to,  namely,  east  of  Finniark,  Uear  Island,  and  SpiiabDrge 
an  eutltcly  difTerent  bottom-fnuna  prevnib.     In  tliis  eaitfi 
ukea  the  characteristic  rhizopod  is  the  liirgo,  stcllnie, 
ceotiH  type  JihahAammina,  which  t'xiBts  in  such  aht 
u  to  -  rrm  "  RhaMammtna-oatK"  not  iilfifl 

prUli-  j'd  mud. 

I  ran  scarcely  coitcliiile  ttieje  prcllmtnnry  pjipi-r.i  witho« 
fixmctthig  the  obh^ration  I  am  Itndur  tit  some  uf  my  old 
fellbw-luhonrera  in  tueaante  field  uf  reseursb.     Uut  for  their 
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acoursfjemcnt  and  ever  ready  help,  the  tedious  dctnils  of 
tiBMbaiiical  work  wliich  liavu  occupied  so  much  of  my  time 
rdnring  the  last  four  yean  or  more,  would  have  been  weari- 
Ifome  in  the  extreme.  I  hope  in  the  proper  place  to  make 
Viae  ackDOwledgmenl  of  many  acts  of  courtesy  that  I  cannot 
[•numerate  htre,  and  I  will  now  do  no  more  than  mention 
fithe  oamM  of  Rwr.  A.  M.  Norman,  Piofeuor  T.  Rupert 
LjoDC»,  I>T.  Carpenter,  and  Professor  W.  K.  Parker,  as 
Famongst  those  to  whom  I  am  primarily  indebted  for  assist- 
r ance  and  adtice. 

PosMCBiPT. 

Since  the  fore^ing  paper  has  been  in  print,  I  have  received 

through  the  kindness  of  Uerr  Gustav  Steinmann,  a  copy  of 

Itis  recently  published  memoir,  "  Die  Foramiuiferengaitung 

[Iiummoloculnui,  n.g."     Without  entering  into  any  discus- 

luoo  o(  the  news  then-in  I'xprcssed,  I  may  just  state  that  tho 

tj^ummolocuiina  eontraria  of  Hvrr  Stciiiinauja  ia  in  part,  at 

Ikast,   tii«  Haueriria  boreaHa  of  the  present  paper  (p,  46). 

|7l>«    difficulty   of   distinguishing    Hauerina    bitremt    and 

I  BUoctiltna  eontraria  has  been  already  alluded  to,  and  if  the 

I  Tiews  put  forward   by  Hcrr  St? inmann  be  correct,  is  now 

I  lattsfictorily  disposed  of.     At  (he  samo  it  must  be  temi:m- 

[bered,  on  the  one  hand,  that    between  JiiUcuiina  sjJtara, 

d'Orb.  and  B.  eontraria,  d'Orb.  every  uradation  of  form  ia 

to  be  found  in  northern  dredgtngs;  and  on  the  other,  that 

the  alar  prolongation  of  the  chamber-tvalls  is  a  charactet 

Ltbared  by  other  species  of  Hauerina. 
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BEAXCHS. 


Nerves  ^  Klasmo- 
,,  D.Sc.,  il.A.,  Fellow 


of  St.  JoliiiV'CoHi-Re,  Osmbrifige.     Profcsior  of  Zoolo 


H,gr, 
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OwcM  College.     (With  Plate*  V  and  VI).» 

The  discoTcry  bj  Mr.  Balfour*  of  the  exlcnjion  forwards  lo 
tbe  head  of  that  folilting  of  the  me-tohlast  which  in  the  trunk 
gJTCS  rise  to  the  ow\j  civit;r>  md  of  tbe  subaniueiit  diraioa 
of  llic  cavilr  so  formed  into  the  series  of  »egmcQt«  which  br 
has  termed  bead-cavities,  has  given  us  s  new  and  vcr;  impor- 
tant cine  to  that  faronrite  problem  of  morpbologisl4,  the  scg- 
mentation  of  the  vertebrate  head. 

I  hav*  been  led  to  -ptj  tpecial  attention  to  tlie  development 
of  theae  head-cavities  in  F^smobrancha,  in  order  to  tWt  tbe 
accDracy  of  conclusions  aa  to  the  morpholog;  of  certain  of  the 
cranial  nerves,  notably  tlic  third  pair,  to  which  I  had  btco  led 
by  a  sludv  of  their  dcvclojiuieut  in  the  chick.* 

In  the'  present  paper  I  propose  to  trest  of— tl)  the  develop- 
ment of  the  head-carilirs,  (H)  the  relations  of  tlie  cranial  d< 
to  these  cavities,  (3)  certain  stages  in  the  dfvelouuicnt  of  th' 
nerves  which  are  most  inlimatclv  connected  viln  the  osviti 
and  (+)  certain  stages  in  the  development  of  the  eye  moscles. 

For  mjr  material,  which  concisla  almost  eiiliri-lj  of  embryoe 
ScyUmm  canienla,  I  am  indebted  partly  (o  Mr.  Balfonr 
partly  to  the  ^lanager*  of  the  Soulhport  A(|uariuin.  With  few 
exceptions,  tbe  embryos  were  hardened  in  a  j  per  cent,  solulioa 
of  chromic  acid,  lo  which  a  few  drops  of  a  1  per  cent,  solution 
of  ostnic  acid  were  added.  In  tbi«  tolalion  (Jicy  were  left  for 
twenty-four  hours,  and  tlien  transfcfied  to  alcohol  of  3t)  per 
cent.,  which  wa?  gradually  increased  in  strength  until  absolate. 
In  eiuhryo»  prepared  in  tbe  above  manner,  the  brittlenesa  d' 
to  the  use  of  osmic  acid  alone  is  coEnplelcIy  avoided ;  all 
cpiblastic  tissues  arc  stained  a  deep  brown  or  black  cola 
and  tbe  nerves  in  portictdar  stand  out  with  rcmnrkable  sbarp- 
uess  and  distinoUuat  from  th«  sunooitdiog  nnd  but  sUgh~ 
stained  mesohlast. 

Uuch  of  any   sueceas  I  may  liave  obtained  is    due  to  t 
mode  of  preparation,  which  appom  to  be  peculiarly  a|>ulicabl| 
to  nerve  investigation.     For  a  Imowledge  of  tlie  method   1  atn 
again  indebted  to  Mr.  Balfoar. 

The  Derelopment  of  the  Hotd-CaTitiet.— As  Aalfuor 
■  '  HtunnbruHli  Kisbca.'  p,  «6,  «w. 
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ilietdf  poutted  out,'  the  Mpantion  of  the  hjen  of  tlie  meso- 
bltst  so  u  to  give  rise  to  a  cuilumic  cnvily,  oocun  much  earlier 
in  the  bead  than  in  tlie  body.  In  the  head  this  f«paratio»  Grat 
ocmn  in  the  earlier  part  of  aUge  d,*  vhilc  in  the  Dotty  in  dues 
not  conmeDoe  till  ftages  o  or  b,  though  the  ttro  layers  of  tlte 
BKCobUst,  ffOBOatic    and  aplaochiiic,  are  diitiuctly  ioimcsi  by 

My  obsemtions  on  the  earlier  stages  of  development  of  the 
bead  caTJtiea  accord  so  completely  with  the  account  given  by 
Mr,  Balfour  that  I  shall  deal  with  ihe  subject  rather  summarily, 
nferniig  the  reader  for  a  fuller  account  to  Mr.  Balfour's  work 
ilraidy  cited. 

Plate  V,  if,.  1,  repreaenu  a  transferso  section  through  the 
bead  of  a  Styllium  embryo  at  the  end  of  stnge  c ;  the  uiesoblast 
(met.)  ia  distinctly  divided  into  two  layers,  which  are  just  com- 
aencing  to  scparale  from  one  another.  Balfour  figures  a  similar 
section'  at  a  riighllj  earlier  a^,  when  the  mcsoblast  is  one  solid 
■ate  with  no  dislinclion  into  luyen. 

By  stage  d  this  separation  of  soioatic  and  splanehnie  Uyers, 
vhich  u  JQSt  comnieneing  in  tig.  1,  has  gone  so  far  as  to  give 
rlM  to  a  diitiitct  cavity  in  the  head  region  on  cither  side,  wnile 
at  a  considerably  later  period  (alagca  Q  or  u)  the  sejiaratiou  ex- 
leodf  further  bock,  so  as  to  form  in  the  trunk  the  peritoneal  or 
body  cavity. 

Ine  whole  of  the  cavity  to  formed  may  be  termed  ctelom ; 
that  pari  of  it  which  is  contnmeil  iu  l!ie  trunk  is  the  body  cavity, 
while  the  anterior  part,  situated  in  the  head,  is  named  by  Balfonr 
ht*d  cavity.  This  latter,  as  Balfour  lias  pointed  out,*  "can 
•dIt  be  looked  on  in  the  light  of  a  direct  continuation  of  the 
body  or  peritonntl  cavity  into  the  head." 

Plate  V,  fig.  2,  »howB  the  condition  of  the  head  cavities  at 
itage  a,  as  seen  in  a  traasvcrK  section  through  the  hind  brain. 
Tlie  eavitie*  [i.e.)  are  of  considerable  sine ;  their  ventral  ends  lie 
againat  the  aides  of  the  alimcnlary  cannl  (ai.),  with  which  they 
m  in  close  contact,  white  dorsally  they  extend  some  distance  up 
the  aides  of  the  brain.  'Hie  section  abo  name*  through  the 
roola  (m)  ot  the  seventh  or  facial  nerves,  vrlione  diatal  ends  are 
seen  to  be  in  vm  dose  contact  with  the  dorsal  walls  of  the  head 
tavitiea.  Tlie  walla  of  the  cavities  are  formed  of  a  aingle  layer 
of  abort  cdumnar  or  ahooat  cubicul  cells. 
Tlie  sections  from  the  same  embryo  in  front  of  the  one  figured 
'  Op.  dt..  p.  M. 

*  'EariMgliiHtt  ike  pretent  paper  I  have  emplortd,  in  otder  to  distinguish 
Us  iCflnart  stages  of  deTtiopmeal,  tbe  comenelsture  proposed  b;  Hr. 
BdRmr  in  bis  work  oitei)  above. 

■  Up.  cil.,  plate  is,  %  S. 

■  Of.  da.,  p.  86. 
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thow  tlint  tbe  cnritiefl  at  this  stage  «t«»d  forwards  beyond  (tic 
anterior  end  of  tho  alimentsr/  canal  anA  raitl  rather  abraptl; 
imm«liiitei/  bcbiod  the  oat^rowths  of  tbe  fore  bruin  that  girr 
origin  to  tbe  optio  vcnulee.  I  ban  Dot  fotind  either  nt  Miis  or 
any  other  Bta(^  an^  trace  of  n  beiul  carity  in  front  of  tbe  ojrtje 
resicles.  Ttic  varitieA  of  tbe  two  lidea  are  at  »tage  tt  quite 
distiHct  from  one  another,  though  their  valla  are  very  oloM 
toietfaer  autcriorljr. 

During  stage  n  a  pair  of  lateral  diverticula  arise  from  the 
alimentar/  eanal,  and  form  tbe  nidimcata  of  tbe  first  pair  of 
risoeral  olefla — tbe  spiracular  or  bjomandibular  clefts.  These 
direrticuls,  as  tbcy  incrensL'  in  »ize,  fir>t  prt-w  tlie  two  laycM  of 
mesebbst  iogether^  to  ns  to  oblitente  the  beitd  cavitic*  oppotit« 
tb^  point!  of  impact,  and  then  gradually  diaplaee  \bt  mooolaA, 
tbe  hyimblast  of  the  tliverticula  ultimately  coming  into  coittftCt 
»itb  tbe  eiteraal  cpihlast.  After  a  short  pause  perforafios  of 
tbe  cpiblast  is  eSeoted,  and  tbe  risceral  cleft  is  completed.  In 
this  way  tbe  bead  cavity  on  either  side  becomes  divided  into  a 
part  in  front  of  tbe  byomandibulsr  clirfl,  and  a  part  beliind  this 
elfft. 

BaUbor's  account  of  (he  suecccding  stages,  vliicb  my  own 
observations  simply  coniirm,  is  as  follows:*— "During  stage  I 
this  front  section  of  the  head  cavity  ((he  part  in  front  of  (1h> 
hyomandibular  cleft)  grows  forward  and  becomea  divided,  without 
the  iolervention  ot  a  visceral  cleft,  into  an  anterior  and  a  poete- 
rior  division.  Tho  anterior  lies  chwe  to  tbe  eye  and  in  front  of 
the  commencing  mou(h  involution.  ....  Tbe  poslortor  part  lies 

completely  within  the  mandibular  arch As  the  mdbienls 

of  the  successive  visoeral  clefts  ar«  formed  tbe  posterior  part  of 
the  head  cavity  (behind  tbe  hyomandibular  cleft)  becomes 
divided  into  successive  aectioni,  tliere  being  one  section  for  each 
arch.  Thus,  the  whole  bead  cavity  becomes,  on  each  siile, 
divided  into— -(1)  a  nremandibutar  aectjonj  (2)  a  mandibnlar 
sMtioni  (S)  a  liyoiu  section;  (i)  sections  in  the  braDchial 
uvhes." 

Tbe  oblileT*l)An  of  tbe  he«d  cavity  by  the  mdimenUry  vfscenl 
daAa  is  well  shown  in  Plate  V,  fig.'  9,  which  represents  a 
somewhat  obliqne  section,  passing  (hrongh  the  hind  brniu  {i.  ft.), 
auditory  pita  (trnd,),  and  third  visceral  (second  branchial)  clefU 
(af)  of  ail  embryo  of  stage  i|  i.e.  is  the  portion  of  the  beild 
■avihr  left  betwtcn  the  second  and  thbd  nseeral  defla,  i.  t.  in 
the  nrat  branchial  arch ;  oT  is  the  dirertictilum  of  the  alimeiitary 
canal  whioh  forma  tJl«  mdiment  of  the  third  visceral  eleft,  oppo- 
siU  whieh  the  two  layers  of  tnMobtast  on  seen  to  be  brought 
into  contact  so  as  to  obliterate  tbe  head  urity  t  a>d  i>  r.  b  Ih? 
'  Op.  dt.,  p.  aoa. 
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ccelontic  caritT  (eft  b«tireen  the  tvo  tuTttt  of  (he  iiie«obla»{ 
farther  back. 

In  th«  anterior  part  of  the  head  the  dorsal  ends  of  the  hend 
caritin  tire  silnatcd  above  ifac  tops  of  the  Tuccral  clefts  [viiU 
Bg.  2) ;  consequcntir,  after  tli««  clefts  are  formed,  the  several 
be«d  csTities,  while  Ine;  are  Kparate  from  one  another  bcloir,  fiill 
conuntuiicstc  together  doTSallr.  At  the  commenoemeiit  of  ftngc  i 
tbe  dors^  ends  of  the  three  anterior  head  cavities  ilill  com* 
nnmkttc  tocethcr,  bat  betveen  stages  I  and  K  the;  become 
ttpanted.  This  point,  which  is  not  Doticcd  by  Balfour,  appears 
lo  be  ooe  of  some  importance,  inximuch  as  ve  have  in  this 
division  of  the  dor»al  mrt  of  the  hud  cavity  a  fejj^inentatioii  of 
the  me^oblast  of  the  nead,  nhich  is  not  (lirectlv  caused  by  tbe 
visceral  clefts,  althoogh  it  takes  place  along  the  same  lines,  or, 
more  ulrictlv,  along  dorsal  prolongations  of  these  lines. 

The  dtirsal  portions  of  tbe  lirst  Ihrce  bead  cavities  lying  above 
the  level  of  the  tops  of  tlie  vi«*ral  clefts  {vi/lf  Piute  V,  fig.  0, 
1,  3,  3]  become,  at  n  Mill  l^ler  ftoge,  cut  uff  from  the  ventral 
portions  lying  in  the  Ti»certl  arches.  The  subsequent  clitnges 
undergone  by  theie  dorsal  and  ventral  portions  diifer  inate- 
rialljr  from  one  another,  as  irill  be  noticed  later  on.  In  the 
tnmk  «c  also  find  a  division  of  the  ctrlomie  cavity  on  cither 
side  into  a  dorsal  or  vertebral  portion,  vbich  forms  a  series  of 
cavtlie*  oocupriDg  the  centres  of  the  protovcrtubric,  and  a  ven* 
mi  or  parietal  portion  forming  thr  peritoneal  cavity. 

It  becomes  now  an  interesting  question,  which,  oiving  to 
ituufficicnl  tuaterial,  I  am  unable  as  yet  to  answer  dt-rinitely, 
whether  this  division  of  the  head  ecelom  into  dorsal  and  ventral 
irtionA  is  not  strictly  comparable  to  the  division  of  tbe  body 
ctom  into  vertebral  and  parietal  portions.  I  have  only 
bbserved  these  dorsal  portions  in  tlic  lirsl  three  head  cavities— 
^e  ^maodibntfli,  mandibular,  and  hyoidcan  cavities. 
"  DdwcCM  stages  t  and  s  the  anterior  (premandibalar)  cavi- 
of  the  two  ndet  are  prolonged  ventralirards,  and  meet  below 
bsM  of  tbe  fore  brain.  The  connection  between  the  two 
tviltes  appears  lo  lut  for  a  considerable  timt.-,  and  still  pei-aista 
t  Uie  dose  of  staffc  i-" '  This  median  communit^ation  between 
be  two  prcmaiidibular  cavities  is  shown  at  stage  l  id  Plate  V, 
Sg.  18, 1.  Fig.  14  represcuts  a  longitudinal  and  vertical  section 
ray  near  to  tbe  middle  line,  and  shows  the  premandibular  cavity 
(t),»till  of  considerable  size.  F^.  1.1  represents  the  median 
section  IVoni  the  same  embiyo ;  at  1  is  seen  the  median  com- 
munication between  tbe  two  premandibular  cavities ;  this  is  small, 
bat  bas  a  perfectly  distinct  and  obvious  lumen.  This  median 
pottion  of  tbe  first  beaid  cavity  bas  interesting  relations  to  tbe 
I  BalTour,  op.  cit.,  p.  947. 
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notocbonl  and  tlic  pitoiUry  body.  Ai  fwa  i»  the  figure,  the  uo- 
tocbord  (a.)  a«  it  runt  forward  beutalh  th«  hind  bntn  Upcrs 
consideniblf.  On  reaching  the  terel  of  tli«  head  caTitjr  il 
becomes  »till  wore  coii9tri<:t«d ;  it  also  leaves  the  floor  of  the 
hind  brain,  becomes  curioasly  twisted  on  itself,  and,  after  niiming 
fonraid  a  short  distance  in  the  mesoblaat,  bends  sharply  domi' 
vards  and  bftckwards,  its  Icrmiiial  portion  being  Tcry  clocely 
applied  to  the  dorttl  wall  of  the  hciid  cnvity.  The  fignre  tin 
shows  that  Ibn  median  portion  of  the  head  cavity  is  in  rerj 
close  relation  both  to  the  outgrowth  from  the  fore  brain  to 
form  the  iufundibntum  (t'tt/^),  and  to  the  pituitary  iavolottoa 
from  the  mouth  (pit.) 

At  stage  V  these  relntioas  reoiain  unchaugcd,  tlie  Bole  difference 
being  that  the  two  waits  of  the  heid  cavity  nave  come  in  contact 
so  as  to  obliterate  tite  lumen.  By  stage  o  the  notochord  has 
lost  its  connection  with  the  head  cavity  and  now  ruits  straight 
forwards  to  its  tcruiDalion,  while  the  walU  of  the  head  cavity  are 
reduced  to  a  very  thin  cellulitr  f>Utc,  lying  in  clow  contact  with 
the  infuudibuluni  and  pituitary  initiation.  I  hare  not  foUowi  ' 
the  fate  of  this  median  canty  any  further,  and  have  not 
mined  whether  it  forms  any  [>arl  of  the  adult  pituitary 
Ihoagb,  from  its  position,  this  would  appear  not  improbable. 

In  fljg.  S3  this  median  portion  of  the  ttrst  head  cavity  (1)  is 
shown  in  borizonlal  sectioo  at  a  ataec  intermediate  between  l 
and  3t  very  i^horlly  before  its  obliteration. 

The  preniBRilibalar  cavity  it«elf  at  stores  k  and  L  "  forma  a 
siuce  of  considerable  size,  with  epithelial  walls  of  somewhat 
snort  columnar  cells."'  Its  position  and  relations  are  well  shown 
in  fig.  i,  and  in  the  series  of  %s.  !i  to  14.  It  lies,  as  shown  in 
ligi.  4  and  S,  vexj  clotc  to  the  i>o«tciior  sorface  of  the  eye  (o.  v.^ 
nnring  stage  m  it  become*  still  morv  closely  ap|dicd  to  ibc  cyi 
it  becomed  partialtj-  doubled  up  on  itself  *o  as  to  fnrm  a  hollow 
cup,  whidi  closely  invests  the  eye  on  its  posterior  and  inner  hu: 
faces,  as  aliown  m  figs.  IS  and  20  (1),  and  figs.  34  and  Sf 
From  the  walls  of  this  cup,  as  will  be  ahown  later  on,  ccitaia 
the  eye  muscles  are  developed. 

'Hiis  premandihular  cavity  preseota  at  certain  stages  a  marked 
oonslriction  at  its  ventral  part,  tending  to  partially  divide.  Iha 
cavity  into  two;  this  is  shown  at  stage  L  in  %.  0;  and  stilt  more 
clearrv  at  a  ttagc  intermediate  between  t  and  u  in  fig.  S 
Whether  this  indicates  an  aborted  division  of  this  cavity  i 
two  parts,  each  eijuivalent  (o  one  of  the  posterior  cavities,  _. 
merely  a  division  into  dorsal  and  ventral  portions  such  as  occora 
IB  the  hinder  cavities,  1  liaro  In  '       mine- 

'Xlie  pramandibular  cavitj  [!■  nager  than  a: 

'  fiallbur.  Of.  oiu,  p.  aM> 
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of  Ui«  hinder  cavilks.  Its  more  deeply  situated  portton  i« 
>bo«ii  in  figs.  26  snd  iT,  at  a  Mage  belwicu  u  and  x ;  and  lig». 
36  *Qd  SI  abow  tlint  at  *tage  o  it  not  only  persists  but  is  con- 
Kidcnbl;  Urger  thaa  at  the  earlier  alage.<i. 

Tbc  lecond  or  mandibitUr  cavity  presents  during  ttnget  k  and 
L,  as  ahoim  in  fig.  5  (i),  and  in  figs.  7  to  12,  a  dorsal  djlntcd 
portioo,  and  (fig.  a)  a  l^erally  oomprcssed  ventral  prolongation 
cxlmding  dowu  the  vhohi  Jengtli  of  the  mandibular  arch. 
Sniing  tbue  two  stages  the  dorsal  dilated  end  lies  very  close  to 
tbe  fluface  immediatdy  beneath  the  epiblast ;  it  lies  at  n  more 
supcrfictai  level  than  tbc  cavities  in  front  of  and  behind  it,  so 
that  in  a  series  of  longitudinal  and  Trrtical  sections  the  most 
soperficia]  sections  cat  this  cavity  alone  (fig.  7,  2] ;   the  subse- 

Snent  ones  cut  all  three  cavities  ffigs.  S  to   10);  while  still 
eeper  ones  cot  the  lir»t  and  third  only  (6g.  li);  and  deeper 
still  only  the  median  portion  of  the  first  (fig.  13). 

By  the  commencement  of  stage  h  the  mandibniar  cavity  is 
ftiJ]  but  little  altered  (ri</«  figs.  21,  iZ,  and  2S,  2) ;  it  is  rela- 
tively smaller,  but  *lill  preaents  a  dorwi!  ililutntion  and  a  flat* 
teocd  prolongation  extending  dom  the  mandibular  arch.  By 
the  Buddle  or  end  of  stage  u  the  dorsal  portion  has  atrophied 
and  diaappeared;  the  prolongation  into  the  mandibular  srch  per- 
aisU  toager ;  its  walls  become  converted  into  muscles,'  but  the 
distal  portion  of  the  cavity  still  pt-rsists  at  stngc  o  {vide  fig.  M). 
The  third  or  hyoidean  cavity  is  very  aimilar  to  the  second  ;  it 
b  from  the  first  rather  smaller,  and  situated,  as  already  noticed, 
at  a  rather  deeper  level.  Its  position  and  relations  are  sliowii  at 
stages  K  and  l  in  figs.  4,  &,  and  8  to  li  (&).  It  is  also  shown 
bdween  l  and  m  in  figs.  24  and  26  (S).  Like  the  mandibular 
cavity  it  presents  a  dorsal  dilated  part  and  a  ventral  laterally 
compressed  jwrlion  extending  down  tbe  hyoidean  arch.  The 
dorsal  jiortion,  like  tbe  corresponding  part  of  the  mandibiibr 
cavity,  disappears  during  stage  u ;  tbe  ventral  part  pemists 
longer,  and  its  terminal  portion  is  shown  at  the  extremity  of  the 
byoidesn  arch  at  staec  u  in  figs.  15  and  16.  Its  walls  like 
uoae  of  the  mandibular  cuvity  become  ultimately  converted  into 
Doacla. 


Belations  of  Cranial  Hervoa  to  Head  Cavities. — Certain 
of  tbe  cranial  nerve?  have,  as  has  already  been  shown  by 
Balfour,  very  definite  and  very  important  relations  to  the  head 
cavities,  and  especially  to  the  dilated  dorsal  ends  of  llii!  three 
anterior  cavities.     A  full  account  will  be  given  later  on  under 

I       thebodsof  tlie  aeve  rnl  nerves ;  licru  1  proptue  merely  to  note  tlie 

I     genenl  relatione. 

I  *  Balbur,  op.  eiL.  p.  208. 
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l^e  main  trunk  of  the  wveuth  or  facial  nerve  lies  imn)e4iiattJ} 
beliind  and  in  rery  cloae  conUct  vith  tlw  third  or  hyoideua 
cavity  ;  tliia  is  shown  in  figs.  5,  8,  and  9  (ni).     Similnrly  Ok 
main  trunk  of  the   nrth   or  trigeminal  nerre  lie*   «ti]^-   ~ 
between  the  aecond  and  third,  the  inaudibd&r  and  h; 
cavities,  as  is  clearW  shoirn  in  6ga  6,  9,  and  10  (t). 

The  relations  of  these  two  oervef — the  Kvcuth  and  the  fifth — 
to  the  hjoidcan  and  mandihular  cavities  arc  \ar  defiotte,  and 
arc  vciT  cnrljr  acquired ;  they  are  fully  eitablished  I>cfore  the 
dose  of  stage  t,  and  have  been  alreadv  fully  dencribcd  by  ^fed. 
four.'  'fliey  cstablbh  the  fact  that  if  the  head  cavities  are  to 
be  taken  a."  indicating  head  segments,  about  vhich  there  out  be 
but  little  doubt,  ttxn  these  nerves  must  aUo  be  epoken  of  ai 
aegmcntal  oerres. 

1  now  torn  to  a  point  of  very  considerable  interest,  whicb  liM 
not,  I  belieTc,been  noticed  hitherto.  Wedged  in  between  the  tint 
and  second,  preinandibulor  and  mandibular  cavities,  mid  occupy- 
ing a  position  precisely  analogous  to  that  held  by  the  llfth  and 
ecTenlli  nerve*  one  or  two  tegmenta  further  back  roycctively, 
ia  a  ganglion,  shown  in  fig».  4,  10,  and  11  (e.ff.).  From  •'.r.'' 
ganEuon  a  nerve  can  be  traced  forward* ,  fig*.  13  and  I-t  -  u:;, 
to  the  base  of  the  mid  brain.  Thia  nerve  b  conclujivdy  ^own 
by  its  origin  from  the  base  of  the  mid  brain,  by  its  course,  and 
by  iu  distribnlinu,  at  a  slightly  later  stage,  to  certain  of  itie  eye 
oinsdea,  to  be  the  third  or  oculomotor  nenc;  while  the  gan- 
glionio  expansion  on  it,  between  the  tir«t  and  second  head  cavi- 
ties, I  believe  I  shall  be  able  to  prove,  in  a  later  section  of  thii 
paper,  to  be  the  ciliary  ganglion. 

1  am  not  aware  that  the  third  nerve  has  been  deacribcil 

frcviou*  obferver*  in  Klamtobranch  embryos,  but  if  the 
here  give  of  it  be  compared  with  the  figures  and  dcacriptioBi  i 
have  previously  given  of  the  development  of  the  same  nerro 
the  chick,'  it  will  be  seen  that  the  rr.icmblancc  between  the  ti 
forms  is  of  a  very  striking  and  concliuive  character. 

If  the  rclfltioua  of  the  Hfth  and  aerentti  nerves  to  the 
and  third  head   cavities   demonstrate  the  »4-gmetttu]  voJuc 
tiitiK  nerves,  then  the  rektion  which  I  hare  just  pointed  out 
third  nerve  bears  to  the  first  and  second  bead  cavities  most 
be  held  to  demonstrate  the  Kbrmcntal  value  of  this  ncrre. 

I  have  previnusly  nflrmj-l'-d,  tn  my  paper  on  th«  nrrvca  af  i 
diick,  referred  ■  that  tii'  'rve  is 

segmental  ncrvi-  In  the  li  u-i.ili.  i 

any  other  of  the  segmental  cranial  iwrvi^s. 
the  tliird  nerre  has,  in  Elasmobranebs,  from  a  <<.<  i..vii>  ^urm 

'  Op.  cit..  p.  197.  Kj. 

*  Ilia  JoornaJ,  ifnraiiy,  tS76,  p.  ii, «?,  Mil  VUia  H  nd  III. 
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of  devHapmeai,  the  oiiuact«rutie  relation  to  tlw  bead  cavities 
tlut  U  possesMd  by  the  fifth  and  sevfnth  nerves,  aili)rd»,  perhaps, 
the  ctnmgot  poseible  coiiGrtnAtiou  of  the  iNrgmental  value  of  the 
third  Dcrve.  Fig.  4  Aova  that  this  charocterisiie  relation  is 
acoairrd  hy  (he  third  ncrre  at  anj  rate  as  earlj-  as  stage  k. 
I  I  propose  now  to  consider  certain  phases  in   the  dcrelop- 

I  meat  of  tJirse  three  acnet,  the  lei-cnth,  tifth,  and  third  pairs. 
I  My  obsenatioos  on  the  earlier  .■■tnges  are  very  fragmentary,  and, 
I  thfnfore,  I  shall  omit  for  the  prevent  all  account  of  their  dere- 
^_J^»Dcnt  previooa  to  the  latter  part  of  stage  l. 

^^  ne  Serdopiient  of  tlie  Third  (Ooitlomotor)  Herr*.— I  have 
sot  obH-rvcd  thie  nerve  in  sf)eciuieus  earlier  than  the  comnicnoe- 
mcDl  of  ttage  K ;  but  by  this  lime  it  ie  already  a  nerve  of  coim- 
denble  leuglh,  with  ila  more  important  bnucbM  fully  dcvelo]>ed, 
•0  that  it  mu*t  certaiDiv  be  present  at  a  conudrmbly  earlier 
period.  In  the  chick  I  nave  elsewhere  shown'  that  the  third 
ncm  t«  one  of  the  first  nerves,  if  not  the  very  first  nerve,  in  the 
body  to  >f^>«*r;  and  my  observations  on  EUsmobranchs,  though 
inomuitum  on  tlua  point,  yet  show  no  t«ason  irhy  the  mne 
ihuuld  not  be  the  oaie  in  them. 

lu  t'liibnoi  of  Ktage  k  the  third  nene  is  a  coDsjncuous  and 
ea*il*  recogiiiMble  object ;  it  arifes  from  tite  bue  of  the  mid 
brain,  not  far  from  the  mid  ventral  line,  the  roota  of  the  two 
nervca  being  only  a  small  distance  apart.  Its  root,  which  is 
expanded  aomevliat,  and  has  «  than^lar  shape,  contains  nume 
roua  nerve-cells.  Prom  this  gugliomc  root  (inown  at  stage  l  in 
fig.  14  (ill)  the  narve  runs  ns  a  long  (lender  stem  almost 
horixoutally  backwards,  then  turns  slightly  outwards  to  reach 
the  inUml  betweto  the  dorsal  ends  of  the  first  and  second  head 
emvitisB,  where  it  expands  into  a  small  ganglion  {e.g.,  fig.  4). 
Front  thia  gan^ion  two  main  branches  ansc;  of  these,  one 
(m  i,  fig.  4)  continues  the  coutm  of  the  main  stem  of  the  nerve, 
and  TUBS  down  belwcrn  the  tirvt  and  second  head  caviUca ;  the 
MctMid  hrandi  (hi  «,  tig.  4)  rons  directly  forwaiOs  from  the 
ganglion,  passing  along  the  top  of  the  first  head  cavity,  Iheti 
along  Uie  inner  side  of  the  eye,  and  finally  terminates  at  the 
eiCreme  anterior  aod  of  the  bead,  just  dorsad  of  the  olfactory 
pit  (ot/.). 

The  gan^on  (e.  gi)  rweifea  tbo  a  ahort  hat  very  intwvrting 
brmoch  (v.rf.,  fig.  4)  coming  direiot  from  the  Urge  ganulton  at 
the  root  of  the  fifth  nerve,  lliis  communicating  biandi  between 
the  third  and  fifth  nerves  is  apparently  that  which  is  desoribed 
aDd  fignr«d  by  Balfour  as  tbc  rudiment  of  the  ophthalmic  branch 

'  Loc.  cit.,  p.  27. 
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of  tbe  iftb.'     1  pn^tOK  to  coaaiier  it  mint  (nHj  in  > 
•eotioB  of  ihii  paper. 

11i«  cotiditiuQ  of  tbe  tUrd  nenre  ud  tU  bnucdm  at 
■hown  in  tbe  6j^.  10  to  IS  and  14,  reptwwiting 
■ad  vertiicii]  KCtioiis  at  rariotu  Ucjitb*  of  tbe  nme  odIiito. 
fig.  10,  tbe  mott  nperficul  of  tbese  BectioBB,  Uie  _ 
(c. «.),  U  ■hovn  vredsol  in  between  tbe  fint  uid  aKaod 
OKnties;  the  figure  Boowing,  in  addition,  titc  root«  ct  tbe 
bnndiM  (ui  a  «ad  m  &),  almdv  dcecnb«l,  and  alto  the  _ 
half  of  Ibc  commumcatiBg  branch  {_\.d.)  between  the  Ghh 
tJiird  Dcrrea.  In  fig.  11,  takt-u  at  a  deqter  level,  the 
end  of  Uiis  connecting  bmndi  i*  sbowu.  Fig.  14,  at  • 
deejwr  level,  show*  the  end  of  tlie  third  nerve  jnsl  before 
ii^  iLc  ganglion  -,  while,  finally,  fig.  14,  which  ia  the  d< 
MCtion  of  Uk  series,  not  &r  from  Ihc  midlinr,  show*  tbe  wniia 
put  of  the  length  of  Uie  ncrrc,  with  the  triangular  gai^uoa  at 
Ua  toot  of  origin  from  tbe  mid  bnJn. 

Towards  the  end  of  etage  t.,  hesidea  this  ganglionic  root 
of  origin  shown  in  fig.  14,  two  or  three  amall  additional  ruoU 
arc  developed ;  theaa  are  retj  slender,  arc  siloated  in  front  of  the 
Buin  ganglioDJc  root,  and  differ  markedly  from  this  root  bj 
having  no  ganglion  cdls.  Towards  the  ejid  of  stage  l,  then,  the 
third  nerve  antes  by  one  large  ganglionic  root  and  two  or  three 
small,  slender,  non-gangliotuc  roots  placed  in  front  of  tbe  otniii 
original  root.  Ln  stages  u,  v,  and  o,  these  small  ant&ri' 
situated  roola  become  much  more  evident  and  also  tacieass 
uamber;  1  hoy  are  sliowii  at  stage  o  in  fig.  40  (ui). 
mor)ibological  significance  of  these  additional  root*  u  di 
latflr  on. 

'Vhx  eoiidiliou  of  the  nerrc  between  stages  l  and  it  la  showi 
in  tbe  aeries  of  bortsontal  sections  represented  in  &gs.  S2 
24.     Tbe   section  abovu  in  dg.  ii  {»  «  cariuusly  luciky 
inasmuch  as  it  includes  tbo  wbok  length  of  the  third  a 
(ui)  DD  both  sides  from  their  origins  from  the  mid  brain  to  ti 
ganglia  (<*■;■)  between  Uic  first  and  second  head  oarilim. 
roots  of  the  (wo  DiTTea  are  tfai   to  arise  ven  close  togell 
from  the  vrntral  vurrnoe  of  tbe  mid  brain  ;  each  nerve  ntna 
a  short  diatanec  almost  directly  backwards,  then  tarns  ta 
what  outwards,  and  rnns  to  the  interval  between  the  Drat 
awmnd  head  cnvitio  (1  and  2),  where  it  expands  into  ibe 
gtiuaic  swelling  (e.y.).     Fig.  83,  uken  at  a  mthrr  more 
lovel,  abows  tbo  root  of  Lbe  third  nerve  on  the  right- 
and  tbe  ganglia   (v.f.)  on  both  sides,  while   fig.  21,  at  a 
niun  dnnal  lerel,    Aowv   tbo   commRniQiHDK   hnimih    (v. 
IWlWCCTi  ,r 
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Tie  bniKbes  of  the  third  nerve  beyond  the  gmn(;lion  C^.;.) 
hre  »bowD  Kt  stage  u  in  the  ftrin  of  )Dn?itudnul  uid  vertical 
Hectioiis  dnwn  in  fiu*.  15  to  20;  of  which  srries  fig,  1.0  u  the 
most  9U|>erfiml,  uid  6gB.  ID  and  20  (irhich  belong  to  opposite 
■ides  of  tbe  body)  tbe  deepest.  In  fig.  20,  the  bmnehcs  aiready 
dcscnbed  ate  well  acen.  Tbe  ganglian  {e.g.)  receives  l)ic  com- 
mniiicjAiiig  branch  (v.  d.)  from  the  Gasscrian  ganglian  on  the 
Bftb,  white  from  it  proceed  the  brnnches  in  a.  and  in  6.  already 
deacribed  at  an  earlief  stam.  Of  ihc*e  tbe  anterior  Cm  b)  runa 
directh  forward  (hroagh  uie  valla  of  tbe  first  head  cxvily  (1), 
thru  along  or  rather  UiroDgfa  the  substance  of  tbe  inner  wall 
of  the  eje,  in  front  of  which  it  continae«  ita  courac  straight 
(brward,  a5  «hown  in  Ugs.  19,  18,  17,  and  16  (iii  oj.nDtil  it 
enda,  as  seen  in  fig.  15  (in  <i.),at  the  extreme  antrrior  end  of 
the  bead,  juM  dorMd  of  the  olfaetorj  pit  {ol/".). 

The  second  branch  (m  b)  from  the  gan^ion  (c.ff.)  i« 
mcticalijr  tbe  direct  conttnuatiou  of  the  main  stem  of  tbe  nerve ; 
It  runa  dowR,  m  seen  in  figx.  1 9  and  20  (lU  i),  in  rtrj  cIom 
contact  with  the  povlerior  wall  of  tbe  fint  head  oivitj  (the 
aecand  cavitT  having  already  diaappeared).  Tbia  posterior  wall, 
aa  will  be  foUv  described  later  on.  is  bv  this  time  converted  in  n&n 
into  certain  of  the  eye  muMlr^i ;  and  thi«  branch  of  the  tliird 
DCrre,  which  lies  iji  close  contact  with  these  muscles  (vide 
Sg.  19)  and  supplies  Iheni,  vviU  in  the  nio^t  veutrally  situated  of 
these  moaclra  (».  i.,  figv.  10  and  30). 

At  eUge  o  the  third  nerve  has  stiU  tlie  same  appearance,  which 
is  indeed  almost  identical  with  that  of  the  adult,  as  ia  shown 
in  tbe  arriea  of  ligtu«a  33  to  40.  Fig.  40,  the  deepest  sec- 
tion of  the  scri»,  shows  tbe  large  gsDgHonic  root  niiit  the 
Btn&Uer  antmor  non-ganglionie  roots  verv  clearly.  tVom  ita 
root  the  nerve  can  be  (raced  running  baclcwards  and  outwards 
in  fig».  31*,  37,  and  36,  until  it  readies,  in  fig.  36,  the 
povlnior  wall  of  the  first  bead  cavity.  Fig.  35  iihowit  tbe 
Dtaocbc^  (ill  a)  and  (ill  6),  also  tbe  communicnting  hrnnch 
Eroni  the  fifth  nerve ;  and  in  fig*.  3i  and  3.'t,  the  terminal 
branch  (in  6)  is  clearly  i>ei:n  ending  in  the  muscle  (0.  t.). 

On  companiig  the  condition  of  the  third  nerve  here  de»cribpd 
in  embfyos  Irom  »tage  k  opwardj  with  that  occurring  in  the 
•dull,  there  can,  I  think,  be  no  doubt  whatever  that  the  ganglion 
(e.f.)  which  lie*  wedged  in  between  the  tirst  and  second  nead 
ca*itit«  ia  tbe  ciliary  ganglion.  Professor  Schwalbe  baa  recently 
pointed  out,  in  a  very  important  memoir  on  the  morphology  of 
the  ciliary  ganglion,  that  it  is  really  a  ganglion  bciongini;  to  the 
main  alem  of  Uie  third  nerve.'     He  hiia  shown  that  in  Klasmo- 

'  ScliWBltir,  "  Ufbcr  die  motf-bolci^'iclic  Bcdrulon);  dca  (Jnnglion 
Ciliare,"  '  Silnogsberidite  dcr  Jeatiiielicn  GctciUcliaft  fur  Mintiuin  uml 

VUL.  XXI. MBW  8EB.  V 


8» 


PftOFBCSOB  A.  UlLUta  HAURAU- 


brsncbs,  A.mpbibia,  ami  »oinc  other  forms,  as  the  Crocodile, 
ciliary  ganglion  is  ia   the  a//«/(  litusicd  in  the  trunk  of 
ihirtl  iiervi;,  nnil  has  brought  forward  vcrjr  atroi^  >r}^ 
for  rewriting  this  as  tlie  primitive  position  of  thi!>  ganfilton. 

In  StyUiuiHf  u  is  evideat  from  comparing  Sehwalbe's 
and  dc»criplioD«  of  the  adult'  with  the  6gures  and  dcNi 
here  given  of  cmbrvoM,  tUeru  is  praolicidtjr  no  chu^  ia 
adult  from  the  embr^onio  conditiou ;  in  Ihe  adiiil,  a«  in  ihr 
embrjo,  the  ganglion  is  situated  in  the  trunk  uf  the  third  atrtr ; 
it  is  al»o  aituntcd  in  th«  adult  in  the  very  same  position  occupifd 
by  the  gnnglion  (c.y-)  in  Ihe  rmbryo,  i.e.  oppositr  the  piii 
where  iIk  communiGaling  branch  from  lh«  fifth  joins  the  t. 
and  where  the  third  divides  into  the  two  braoohtt  (tn  a 
in  6). 

Very  strong  evidence  in  lupport  of  the  view  advocated  by 
Tntruoi  Schwalbc  is  afforded  bj  the  devclopmrnt  of  the  ciliary 
gaaglioD  in  the  chick.  In  the  adult  fowl  llie  dliary  ganglino  is 
not  ntnated,  as  it  is  in  the  dogfish,  on  the  trunk  uf  the  third 
nerve,  but  at  the  base  of  a  abort  ciliary  nerve  ariaiug  from  the 
third  nerve.  In  the  embryo  chick,  at  the  end  of  ifao  fourth  day 
of  intubation,  I  have  already  figured'  a  ganglionic  avelUog  no 
the  third  ner%-e,  exactly  eorrespouding  iti  position,  nrlaliuii*,  and 
appearaaccwilbtlu'.  gnnglion  (e.y.)ot  i\ic  ^^Uiam  ernhno.  Pro- 
fcamr  Scbwnlhe,  in  referring  to  uj  jxipeT,  has  su^eated'  that  this 
ganglion,  the  existence  of  wliich  haa  been  somevltat  gratuitously 
called  in  questian  by  Professor  Kbiliker,*  is  the  mdiment  of  tbe 
ciliary  ganglion.  I  fully  accept  this  suggntion  of  Prufoaor 
Scbwalbe'a ;  1  bad,  imieed,  arrived  ut  th«  rame  euncln»i«n  pre- 
vious to  teceivine  his  paper,  and  since  then  1  have  directed  tny 
attention  epeda)^  to  the  point,  and  have  satisfied  myaeU  that 
thi^KAnglion,  whitji  in  the  embryo  chick  is  situated  in  the  trunk 
of  toe  third  nerve  (in  tlut  suinc  pdnition  held  by  the  cili. 
ganglion  in  both  the  embryo  and  the  adult  ScgUitim) ,  Ix-comci 
eUianr  ganglion  of  the  adult,  which  ia  no  longer  nilualcd  in 
trunk  of  the  third  bnt  on  one  of  its  branches. 

I  think  that  this  fact,  that  the  ciliary  ganglion  of  the  du 
embryo  occupies  the  |>o»iti»n  that  it  retains  throughout  life  in 
the   klasmubranch*  and  Amphibia,  supplies  the  eoibrjological 

NstarwtutniMWi.'  IS  Notembci,   I»7S.  and  "Dm  1imi;(I1oi)  Ocnloan- 
toni,"  'Jenatadie  ZeilacliritI  (dr  NslaiwbMniclHJt.'  tid.  lui.     It  1*  W 
Iba  MUt  paper,  wludi  is  bibc^  Uib  nioni  cooiphW,  tliat  I  tlikU  rtTtr , 
fvtora. 

'  Loe.  cit,  Tif.  lUi,  Qjt.  10. 

*  Loe.  dt,  pkt«  it,  flg.  ai>. 

■  Loe.  du  p.  00. 

■  '  KolwicklunBigeMlueliK  in  Ucuekcs  a.  der  U^imui  lliier^'  II 
p.  mi. 
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proor  aeer^Mtj  for  the  complete  »tab|jihinent  of  Uie  view  in 
kuvoiir  o(  wliich  i'rofcrsor  Schwalbe  hns  bratight  furwarcl  nich  a 
FtoB»  of  uiiLtoiniul   rvidciKC,  m.  thai  tlie  cili'nj;  [faiiKliuD  is 

frimilifelj  a  ganglion  belonging  lo  the  st«in  of  ibe  lliird  utne.  ■ 
or  a  full  ftcoouul  of  the  variuus  muditicatians  prfiwiitvd  by  the 
ciliary  ihttcs  in  adult  Vcrtebral«  I  would  refer  the  rwidt-r  lo 
Professor  Schwalbe'*  rcry  mten'stiiig  meaioir  cite*!  iibovB. 

On  one  pMiit,  huircvrr,  I  caauot  completelj'  agrex:  with  Pro- 
fesMr  Soltwalbe,  i.«.  vhen  lie  sayf  l!t&t  the  ciliarj  ganglion  is 
the  boiDotogae  of  a  spioal  gaujtiiuii.'  That  it  corrrspoiidH  in 
put  tbctfi  can  be,  1  tliink,  uo  doabt;  but  it  seems  to  me  pre- 
(eraUe  to  regard  the  ganglion  at  the  root  of  the  third,  togtthcr 
with  the  ciliarjr  ganglion,  and  any  intmncJiate  ganglia  that  luay 
be  found  (for  vhicb  vidi  Kchwalhe's  pajjcr)  as  collectively 
equivalent  to  the  Gaswrian  ganglion,  or  to  one  of  the  «pinal 
ganglia.  1  am  dispoMMl  lo  vicv  the  third  nerve  as  having  br«n 
abuorniaJl/ nulled  ont  and  lengthcaed  by  the  rapid  growth  of  the 
part  of  the  orain  with  which  it  in  conuected,  and  to  regard  the 
whole  trunk,  from  the  root  of  origin  to  the  |>oint  of  diviaion  at 
the  ciliarv  ganglion,  as  correapouding  to  the  part  of  the  tifth 
bearing  thr.  GsTMrian  ganglion,  ana  to  compare  any  ganglia 
Ibat  may  occur  uii  thi»  |uut  uf  the  nerve  to  dutschcd  portions  of 
the  Gaswrian  ganglion,  JMlated  by  the  letiglheoing  process  which 
the  third  nerve  has  undergone. 

In  naming  and  determining  the  other  branches  of  the  third 
Bcrrc,  those  I  have  marked  m  a  and  iii  6,  1  have  been  mneb 
asMsicd  by  tbe  very  careful  dctcription  given  by  Schwalbe  of  the 
nerve  in  llie  adult  ScjfUiam. 

Schwalbe'  describes  and  figures  the  third  nerve  in  the  adult 
as  giving  off  branches  to  tbe  rectus  taperior  and  rtctai  inUmut, 
then  receiving  at  the  ciliaiy  ^glion  a  branch  from  the  fifth 
armf  and  then  dividing  behind  the  posterior  border  of  the 
netuM  MMpfrior  into  two  branahea,  of  which  the  tir»t  passes 
beneath  the  reeim  ia/erim,  supplying  it  with  branebes,  and  then 
runs  forward  beneath  tbe  optic  nerve  to  the  obtiquut  iujerior, 
in  wbich  it  ends.  The  second  branch  runs  forward  on  the  inner 
side  of  the  qrv,  piercing  the  acleiotic ;  it  passe*  beneath  the 
netms  tuperivr  and  Miqun*  tnperior,  hot  over  the  optic  nerve ; 
it  leaves  the  orbit  in  front  by  a  canal  above  the  origin  of  the 
obliqum*  tu/grior,  and  thou  runs  forward  to  the  anterior  part  of 
thebewL 

This  description  and  tbe  accompanving  figures  show  that  in 
StyUiuni  the  third  nerve  lias  acquired  by  stage  K  all  the  principnl 
branches  of  the  aduli,  and  that  these  branches  have  also  acquired 

'  Locdl.,  p.  fiS. 

I  Loo.  dl.,  pp.  15, 16.  I 
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their  clutradtrutic  couwe  «nd  relaliong.  The  com mnnica ling 
bnoch  from  th«  fifth  lo  the  ciiiarr  gan^^ion  i»  uadoubinll/  the 
hnnch  1  bare  maikGi)  v  d.  The  fmt  of  the  two  brnnchrs  into 
which  the  DCfre  dirules  btjond  lh«  Kfui)(li<i»  u  the  oiia  niarkn] 
in  niy  figore  iii  b,  wbil«  lh«  mcoiuI  of  tb»«  brancbes,  the  om 
«hko  pierces  the  tclerotic,  passes  through  the  orbit,  lyinp  abom 
»he  <rotic  nerrc,  and  finaily  mas  to  the  front  of  the  hc*d,  if, 
bcjronu  sll  doubt,  the  nerve  1  have  niaikci)  in  a, 

11)6  nerve  nta,  khich  run?  ihn)Ugh  the  orbit  beneaUi  the 
r«clH»  tmperior  utd  oUiqau^  mperwr,  &ttd  aboro  Ihe  optic  nene, 
is  the  nerre  whieh,  in  numy  Vertebrates,  rrceives  the  name  ramm 
epitialmieui  profundu»  of  the  SAb  nerve  In  mo*t  casn  It 
baa  the  sppmrance  of  a  branch  of  the  fifth  nerve ;  thi*  appear- 
ance 1  hetieve  lo  be  due  to  the  communicating  branch  from  Ihe 
fifth  (v  d.)  becomii^  directly  continuous  with  theanterior  brucb 
of  the  third  (mo)  and  to  the  nerve  thus  formed  )o«ing  its  con* 
ncctton  with  the  ciliary  guiglioa.  Should  thiii  conjecture  prove 
(o  be  correct  it  will  prooiblj  bv  fonnd  lliat  in  the  evlr  »^^  of 
denlopment  the  nerve  ui  o  i>  oonneeted  with  tne  ciUar; 
gaaglion,  and  that  tbe  oonneclioD  is  only  lost  comparatirdy 
hte. 

Summary. — TTic  third  nerve,  at  stage  k,  arises  from  the  mid 
brain  by  a  (ingle  gangiionic  rool ;  it  runs  back  to  the  inlrrval 
between  the  Gnt  and  vecond  head  cavities,  wlirrc  It  (-xiuuidx  into 
a  ganglioo — the  ciliary  gatigliun.  This  gnnglitm  receiveo  a  short 
0(MBiBonicaliDg  branch  from  the  fifth  nerve ;  lieyond  it  the  ner*D 
diridcs  into  two  branches,  of  which  one  continues  the  course  of 
the  main  strm,  and  ends  in  the  oiUqnu*  inferior,  while  the  other 
runs  forward  through  tbe  orbit,  and  is  Ihe  nrr%*e  usually  dn«ribed 
as  Hba  ramu*  ofiifialmicut pro/iiiidtu  of  the  fifth.  Mv  oluerr^ 
tions  leave  no  doubt  in  my  mind  tliat  in  S/yUium  this  nerve  ii 
rrallv  a  branch  of  the  third.  Finally,  in  the  Uter  stagw,  » 
numner  of  sJender  noo-gangtionic  roota  of  origin  appear  in  front 
of  the  original  ganglionic  root. 

Tbe  Derelopnwnt  of  tbe  ?iflb  (Trigviimtal)  Herre.— At  tbe 
eomneDoement  uf  stage  k  tbe  G/lh  nerve  arises  by  a  single  root 
OD  eilber  aide  from  the  lower  part  of  the  side  of  the  hind  bmin. 
Ininediately  bevond  il»  root  nf  on<^n  it  expands  in  form  a  Urge 
ganglionic  swelling — the  future  Oa?wrian  ganglion — tbe  lowir 
part  of  which  is  wedged  in  between  the  tlonml  ends  of  the  ancond 
and  third  brad  nvttin.  From  tbia  ganglion  rhrrr  hniKihei 
arise: — a.  Prom  the  upper  and  anterior  aiyjle  of  the  ganglion, 
close  to  ita  toot  of  origin,  ■  nerve  arises  wliicb  runs  forwards 
and  upwards  and  wilt  be  sjxikeii  m'  <]mio  branch  nf 


the  fifth,     i.  From  tbe  lower  and 


if    the 
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a  iifrve  (v  </.,  lig.  4)  runs  foriranl  along  the  top  of  lli«  second 
head  cavilf  to  the  ciliary  gaaglion  of  the  third  ucn-c  {<•.  ^.),  thi> 
betDgthe  comnionicattiiK  branch  betwcrn  the  fiTth  and  third 
nerm  already  mmtioucd.  e.  From  the  mut  vcnirally  situat«d 
part  of  the  gmnglioD  a  iirrvK  runs  doim  in  the  iatenpace  hetwrca 
the  second  atid  third  cavitied,  luid  is  thra  continued  down 
in  the  tnandibuJar  arch;  this  uay  be  called  the  mandibular 
nerre. 

Balfoar  dracnbes  oaljr  two  brnnchcs  of  the  fiftb  nerve  at  this 
stage,'  of  which  the  posterior  is  the  mandibular  branch  of  the 
above  descriptioo,  whilst  the  antenor,  which  he  describt^s  and 
Gimrc^'  a»  \yiim  m  close  contact  with  the apper  wall  uf  tlie  ^rcond 
(sntT,  and  which  be  names  the  opbtbalnic  orancb  of  the  fifth,  is 
ekmrif  tbe  second  of  the  tjitec  branohes  1  have  duscribed  above. 
Tbe  Siat  btaneh,  to  which,  for  reacons  to  be  fully  staled  bcre- 
after,  I  prefer  to  give  the  iianK  ojihthAlniic  branch  of  the  fifth, 
is  not  distingnisb«I  by  l^aifour  fruin  the  second. 

By  stagr  L  certain  cliangcs  have  occnrred.  In  the  first  place 
two  or  tbiTc  new  roots  of  origin  arc  now  pn'srnt,  which  were  not 
recognisable  at  the  mrlier  dale.  Tlicse  roots,  which  are  well 
abown  in  fig.  Q  (''/)i  *nd  aUo  in  fig.  1 1  {vj"),  are  situated  ru 
Iront  of  the  origiiial  roots  of  origin ;  they  are  very  slender,  are 
ipparentlj  variiutle  in  number,  and  diifer  materially  from  tbe 
ai^giikal  root  by  being  totally  devoid  of  ganglion  cells.  Another 
ponk  of  diffovDCC  is  that,  opporitc  tlio  gnnglionic  rootof origin, 
the  brain  prcscots  a  diiAind  citcrnid  proiniiiCDee  or  bulging, 
well  acra  in  figs.  6  >ud  11,  while  no  such  prominence  occurs 
opposite  these  itew  roots.  These  additional  roots  increase  in 
Munber  during  the  bter  stages.  By  stage  o  one  of  tbcm,  usually 
tke  anat  aniehor,  has  become  considerably  larger  than  the  others 
{wUe  5g.  86,  v/},  though  it  still  stands  in  marked  contrast  with 
w  origiiial  root  by  having  nu  ganglioD  cells,  and  bv  not  pre- 
mting  tbe  external  bulging  of  the  brain  at  its  point  of  origin. 
Time  roots  will  be  again  referred  to  later  on.  I  luve  been  unable 
to  determine  with  certainty  whether  they  arise  as  outgrowths 
from  tbe  braio  or  from  the  ganglion. 

By  stsgr  L  an  anterior  brunch — the  maxillary  nerve— is  given 
off  InMB  the  mandibular  nerve.  Ttiis  branch  is  also  described 
and  Sgurtd  by  Balfoor. 

Fig.  S  shows  the  roots  of  the  ophthalmic  snd  tbe  communi- 
otiiw  braacfaes  (v  a.  and  v  d.),  and  fig.  6  shows  theophthalnuc 
hBBOi  (r  a.),  as  well  aa  the  two  kindn  of  roots  of  origin  at 
Map  u  Figs,  d  to  1 1  aUu  show  these  branches  in  an  embryo 
of  tbe  same  itge. 

0|).  cit.,  p.  197. 
•    Op.  dt.,  plslc  lir,  G^.  9  4  and  to  A. 
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Ibt  several  branches  of  lh«  fiftli  ncire  ■re  ebowa  at  sUi^  n 
by  the  srrie*  of  fig*.  15  to  20,  of  wliicli,  lu  alrradj  nolifnl, 
fig.  13  in  tlw  iDO*t  iiu[)«rBdal,  aud  fig.  20  lh<^  (lM-pe»t.  la 
Sge.l6and  17  tKem«xilki7(v6.)ftnd  mandibuUr  {tc.)  bnuKrbn 
•re  sfaown  vcrj  clearly  ;  these  l«o  ncrvrg  lie  close  to  tbt!  surCatr, 
thotigfa,  M  wt  ahsU  aec  immwlialcljr,  Uk  mnuWMij  is  Kparitrd 
from  the  surface  by  the  )Kibaine  branch  uf  itie  mirratb. 
fig.  19  the  oommmiicating  bnnch  (v  d.)  b«twe«n  Uir  tirtb 
tliiid  Drrvn  18  !howti  Ijruig  at  a  deepir  levd  (han  tbe  maxilliu/i 
mandibular  iirTvcR ;  it  i>  a  short  anrve  nonncding  thr  Gi 
and  ciliary  ganglia  directly  together.  The  ttatn'.  fiinirc  she 
also  tvo  |>ortioiu  of  the  ophtbalmk  branch  (v  a.)  of  the  fifll 
which  nms  forward  close  to  the  donoil  mrface  of  tbe  head  i 
im mediately  bcni«lh  the  superficial  rpiblast.  In  Ijg,  2U,  uh 
from  llie  mine  embryo  a*  fig.  L9,  bat  from  the  opposite  nde, 
root  of  tlic  0|)htl)almic  nerve  (vojaod  the  oommunicating  bran 
(v  d.)  are  veil  seen ;  the  latter  is  seen  to  give  otf  a  Hue  lirai 
(Te.),  which  mna  upward  to  the  masdc  marked  o. «. 

Fig.  2i  shows  the  root?  of  the  ophUialmic  aod  cotnmiuiic 
hrancbea  in  bonxoDlal  mction;  the  former  (<r«.)u  aeen  to ' 
ver>-  close  to  tbo  surfioc,  while  the  latter  (yd.)  u  sttut 
more  deeply. 

Pigs.  Hi   to   SO   represent   a  scriea   of  tranaverse  seel 
throagh  the  head  of  as  embryo  between  stages  h  and  m  ;  it 
scrtc  to  illiutrate  the  above  description  from  a  dilTcrent  point  i 
view.    The  sections  arc  all  slicfatly  obliiiuc,  so  that  in  each  i 
tion  the  left-hand  lialf  is  in  a  jilane  a  little  posterior  la  thv  rigb 
haul  hilf.     Fig.  20  paaaes  through  one  of  the  anterior  an 
ganglionic  roola  of  the  fifth  (r  /.),  it  also  shows  on  tbe 
side  the  root  of  the  ophlbalmie  nerve  (vn.),  and  the  whol^ 
length  of   the    commonicating  brnnch    (v  d.)  ruiiniDg  to  the 
ciliary  gangUoD  {e.y.).     On  the  right  hand  aide  the  ophthalmic 
nerve  (r  a.)  is  seeti  in  section. 

Kig.  27  passes  on  the  left  side  through  the  main  or  gaoglioutc 
root  of  the  fifth ;  on  the  right  side  it  corresponds  to  tiu  1^  aide 
of  fig.  20.  Fig.  28  shows  on  the  left  side  the  nasillary  nerre 
(yt.)  in  Dnrly  the  whole  of  it*  length. 

Finally,  in  ligs.  32  to  'db  the  condition  and  reUtioca  of  thii. 
ophthalmic  branch  at  stage  u  are  shown;  it  ia  seen  to  bej~^ 
slender  nerve  roiitiiug  forward  aloofc  tbe  dorsal  surface  to  t 
fore  part  of  tbe  head,  ami  giving  off  braochos  (fig.  H)  oo  i 
course. 

Himwuiry. — At  slagv  k  the  fifth  nerve  arisca  from  tbe 
brain  by  a  single  laru"  ',-:.,' 

Sangbonic  swelling,  tr 
lalmic  branch,  which   rutts  alwi>j{   lite   dunud  miboe   to 
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titiiririr  irnrt  af  tbe  hirad  ;  (b)  tfae  comiaatiicaHa^  timicli  run- 

:  to  the  ciiiiirjr  eitni^lioa  ;  (c)  the  mandibular  branch, 

<  dutrn  betwrrn  the  itccoaO  ani]  Ihird  lioad  earities, 

jlimtt  the  mAiulibulnr  arch.     Bv  rltgt  t  two  or  more 

!iic  rooU  appear  iu  front  of  the  nrigiiii]  gnn> 

le  maxillary  nerve  is  given  off  as  «  braucti 

Iruai  Uic  muttiltiular.  i 

Ike  Denlopment   of    the   Serenth    (Facial)    Serve. — The  i 
bnal  umI  kuditorjr   nerfea   at  stage   k  ari»  b/  a  .itngle  Toot 
tinm  Ibe  bind  bmin,  ■  short  diatvioc  behind  the  fi/lb  oervc:. 
Thtf  root  hae  the  tmaue  gu^^ioiiic  eluivcter  as  (he  original  root 
of  ihe  (iTtb,  and  has  a  fimilar  bolging  outward*  of  the  hind 
biii  uppuiite  ila  point  of  origin.     Th^  n^rvei  divide*  almost 
UUHdtaldy  into  an  autcrior  pari — (be  facial,  and  a  posterior— 
Ihr  anilitDrT  nrrve.     Tlie  lalter  runs  aloront  directly  backwanlR, 
isd  become*  applied  to  the  aiite.nor  wall  of  the  auditory  vesicle 
(<p.  7,  S  "nJ  9  viii  ow/.).     The  facial  nerve  given  off  three 
■IB  bcanehe* :  (a),  from  ita  upper  and  satcrior  part  a  very 
Im  «toat   Dcrre  ariaes,  which  runs  forward  aluiig  the  dorsal    ' 
nrsKT  of  thr  bead  to  ita  anl«-rior  end,  lying  immcdiateJy  above 
Uv  ophltialmir  branch  of  the  Gfth,  and  immediately  bcnr-ath  the 
Mperfidal   rpibWt;   this  I  shall  speak  of  as  the  ophlhaltnic 
faraneh  of  the  seveuth ;  (b)    the  acoond  branch  ansa  from  the 
■ntarior  part  of  the  facial  nerve  just  below  the  root  of  the  oph-    I 
thalnie  Drancb ;  this,  which  t*  also  a  stout  nerve,  runs  dowa- 
vardi  and  forwards,  lying  (tarullel  to  and  iuunediatdy  superficial 
(o  the  mazillarr  branch  of  the  fifth ;  it  may  be  spoken  uf  as  (he 
palatiar  nrrvr ;  (c)   (he  main  stem  uf  Uie  seventh  is  ccmtinacd 
davBWBid*  as  a  stout  tkGivc  which  tuns  along  the  posterior  or    I 
bTtadeau     burd<-r    of    the    spiraculBr   or     liyotnandioular   cleft. 
From  Ihis  hyoidcan  branch  an  anterior  or  mandibular  branch  ia 
gnvn  off  at  a  »li);blly  later  slagr,  wbicll  runs  over  ibe  top  of  tbe 
tptracular  deft,  and   then  down  lu  its  anterior  or  maiiilibutar     I 

Will. 

These  brancbn  of  the  seventh  nerve  arc  well  shown  at  stage 
via  &gt.  t'5  to  IS.  The  Uryc  ophthalmic  branch  (viin.)  u 
tra  at  its  origin  in  fig.  17,  while  ligs.  IC,  IH,  13,  show  oihcx 
portioDS  of  ila  courve ;  its  relation  to  tiie  upbtbalmic  branch  of 
tU  fifth  (v  o.)  is  seen  in  fig.  19.  llie  root  of  this  ophtbalaaio 
btwieb  of  tha  9eveiith  ia  ^ao  well  shown  at  a  »ltghtly  earlier 
<•  I  in  lig,  £5  (vii  a.),  which  shows  how 

V  surfaciv     It  is  «*n  in  transverse  m»- 

1  Qnullv,  is  shown 


0 


along 


^  cnuiwe  at  stage  o  in  fig».  32  to  3&,  these  figures 
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shoirinff  its  rdation  to  Ihe  i>{ihllinIinio  bnnch  of  tbe  fifth  (ti 
|«rticularly  dc«iljr. 

Tlic  jxUtino  nerre  ia  shown  at  lUkgt  it  in  figs,  la,  16,  and  IT ' 
(vii  I/) ;  it  is  a  stout  straight  nave,  lying  imnMiliatrly  iup«- 
flcial  to  the  maxillarr  branch  of  the  Afui  mad  vnty  clwe  la 
this  Utter ;  tbes«  rclotiuna  aie  still  better  seen  in  the  tnuia- 
vtne  sections  shown  in  fi^s.  SS  and  S9j  in  both  thsa 
fij^um  thti  two  nerves  (vu  fi.)  and  (v  t.)  are  teen  rnnniiq; 
down  aide  by  side,  and  so  close  together  *s  aloiosL  lo 
at  pbkcea. 

Tbe  hyoid«an  branch  (vti  c.)  is  shown  in  figs.  15,  16,  and  If 
and  finally,  the   mandibular   branch  (vu   d.)   u  well  Bctm 
figs.  S3,  33,  and  34. 

The  scTvnth  nerve  is,  in  these  stages,  a  Tcry  large  nerve,  it  ^_ 
lonch  larger  than  the  fifth ;  two  of  iu  lirsiifht^,  tbe  0|>hthaIiiua~ 
and   palatine,  accompany  branches  of  the  &iih,  tbe  ophlbalnrie 
and  maxillary,  rcry  closely  indeed,  the  branches  of  the  seven^ 
lyin^  in  bvtb  caws  more  supcrficiaUy. 

Finally,  the  seventh  nerve  never  aciiuim)  additional  nott-gan- 
glioaic  roota  of  origin,  such  as  hare  bwn  dcscriWd  as  uccurriag 
in  both  the  third  and  fifih  n«rvei ;  this  in  a  distinction  uf  son 
importanoG  and  one  to  which  I  shall  refer  again  rutUier  on. 

Comparison  of  the  Third,  Fifth,  and  Sewoth  Vnres. — To 
the  veclioii  uci  the.  relutiom  vf  thvfe  nerves  lo  the  head  can 
it  has  been  shown  that  tlte  third  lus  the  saino  right  to  be  _, 
stdered  a  segmental  nerve  that  tbe  fifUi  and  iteveatu  nerves  hav 
and  that  it  must,  therefore,  be   regarded  as  a  iiurve  of  eqoal. 
morphological  importance  with   the  latter.     It  is,  therefor 
point  of   oouj^iderablc   importance    to  determine   how   fur 
aeveni  branebes  of  these  lurcv  nerves  can  be  compared  with  ooe^ 
another. 

All  three  nerves  arise  at  first  by  single  ganglionic  mats ; ; 
the  cue  of  the  third  and  filth  additional  non-gauglionic 
are  subsequently  acquired,  but  in  the  case  of  the  seventh  do 
nacli  roots  are  acquired,  t  hope  to  show  shortly  that  this 
appsrent  distinction  is  capable  of  full  \uid  satisfactory  expla- 
nation. 

Of  tile  three  nerves  the  seventh  is  very  much  tbe  Urgest,  Uie 
third  very  much  the  smaUcst,  the  fifth,  which  is  iuteriualiatu  in 
position,  being  also  intennedialc  in  size;  this  statement  apply- 
ing not  only  to  the  main  trunk,  hut  to  tlic  individual  brauchus  a^ 
well. 

In  enrnparing  tbe  fifth  and  seventh  nerves,  titere  can  be  _ 
tittle  dimbt  tlisl  the  mandiboUr  branch  of  tbe  Bftb  currmpdna 
to  like  hyoidean  brancii  uf  tbe  sorcuth;  and  when  vie  \xax  . 
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nind  that  this  bniich  in  each  ca»  is  the  apparent  direct  ventral 
caottnuAUon  of  the  main  trunk,  and  in  tht  catlj  atagea  in  cIohj 
rrUtion  with    the  nost^rior  null  of   a  head  cavity,    it  vill,  {.j 
lliijik,  follow  that  the  brancli  (iti  b.]  of  the  third,  which  suppliea  ^ 
t^  raetef  im/trior  and  ohiiqutu  inferior,  which  ia  tlic  appttrcnt 
linct  ventnd  continuation  of  the  maiii  tnuik  of  the  third,  and 
«hich  is  in  vcrjr  intimate  rcliition  with  the  pu^lerior  vail  of  the 
first  bead  cavilj,  is  the'curre»ponditig  branch  of  the  third  ncrrc, 
aiul  is  the  Btrict  bomologue  of  the  braocbca  of  the  fiftli  and 
KvcnthDetTea  uicutiunvd  above- 
It  would  shw  appear  probable,  from  the  times  of  their  appear* 
uoe  ant)  their  general  relations,  that  the  maxillary  branch  of 
the  fifth  and  the  mantlibulat  branch  of  the  scvenih  are  e<|iiivalBnl 
nerves. 

Mr.  Balfour,  who  was  the  fint  to  describe  the  rcmatkable 
ophthalmic  branch  of  tbe  aeveiitti,'  has  alreaily  shown  that  it  ia 
stricU;  oonparable  to  the  ophthalmic  branch  of  tlie  fifth. 
Schwalbe* deacribca  and  figures  tbe /■amu*i>;j*Ma/ffliVu*«i/;er/iWa/r* 
in  the  adult  SeyUium  as  arising  by  two  roots,  a  posterior  radix 
A>r*i/MaDdan  antfrior  tadlt  r^ntralit  »z  profau'la  j  these  enter 
the  orbit  bv  two  «e]>arHte  ruraiuina,  run  fomaril  ihruiigh  the.  orbit 
as  the  pOTtio  major  and  porlio  xtmc/  of  the  raiati*  opht/ialmicits 
tmptr^^MlU,  lying  dorud  of  all  the  eye  muM:les,  and  finally,  on 
leaving  the  orbit  anteriorly,  end  in  branches  to  the  anlerior  port  of 
tlu  bod.  As  the  two  nerves  (vii  a.  and  v  a.)  in  the  embryo  at 
any  atage  from  l  upwards  exactly  correspond  to  ibis  description, . 
there  ia,  I  think,  no  rcuon  to  doubt  that  llieiie  bmiiclie:),  nhicli  , 
I  hAT«  called  the  ophthalmic  branches  of  the  seventh  and  Gftli, 
btcome  rwpeclivcly  the  portio  taajor  and  portio  minor  of  tho 
rtmas  opilAiiimieiu  mp^rJiciaiU  of  ihttidvii,  Schwalbc's  figurea 
of  the  adult  show  that  these  brancbea  ec()uire  their  final  ar- 
rasgeineut  at  a  very  early  pexiod,  in  fact,  from  their  wry  first 
tppesrancc;  hi*  Bgnre  of  these  ophthalmic  branches  in  the  ndnit 
rrpmcnt»,  with  almoat  perfect  accuracy,  tbcir  arrangement  in 
embryos  of  stage  L. 

Balfour  lc:ivts  the  fate  of  the  opbthulmic  branch  of  the 
■evcnlh  undecided,*  though  be  expreases  hliniwlf  as  "inclined 
(o  adopt"  the  view  of  which  I  have  attempted  to  demonstrate 
the  correctness. 

There  appears  to  be  Qo  branch  of  the  fifth  corresponding  to 
tbe  palatine  branch  of  the  scvrntb  ;  this  latter  is  a  very  singular 
Dcrve,  lying,  w  it  docn,  m  extremely  cIokc  to  the  uinxiilnry 
hrutch  of  tbe  fifth.     I   thought  at  one  time   that  it  might 

'  Op.  cit.,  p.  199. 
'  L«.at.,p.  14. 
*  Op.  cit.,  p.  iOO. 
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corres^ni)  lo  the  buccal  braDch  of  tli«  [Duillar/  iicrre,  bat  its 
indeptadpiit  origin  from  the  main  stem  of  tli«  Kvciitb  Menu  la 
disurovc  tills. 

The  ver;  reinarlcuble  communintitig  bran^  brtw«en  tlrt 
Ouseiun  ind  ciliarj  ganglia  still  rpmains  for  consideration ; 
coDcerning  it  we  know— (b)  that  it  w  dcvelojird  very  ntrlr,  (b)  that 
it  is  a  direct  conQcclian  belweeo  lli«  main  gungtia  of  tiie  ihi 
and  fiftli  nerveai.  I  have  do  direct  olnervattoca  on  its  develoi 
meiit,  but  am  inclined  to  think  it  may  be  the  remains  of  l 
cmntnisaarc  irhich  (ut  aoT  rale  in  the  Chick,'  and  probably, 
in  S-yl/iuM)  oonocctit  together,  at  an  earlir  '•tagr,  the  rudintru 
of  tiic  third  and  fifth  aerves.  This  sngge«iiuu  ffnden  it  ii 
safy  for  me  to  abandon  tlie  explanation  I  have  previously  giien* 
of  the  ophthalmic  branches  of  tbc  seventh  and  fifth  ncrvea  as 
being  posxibly  penlMenl  rudiments  of  this  conrniixmrr,  w  it  is 
obviotu  that  llic  ophthalmio  branch  (v  a.)  and  the  comniutiicat- 
iug  branch  (v  4.)  could  not  both  bo  dcnved  from  thi»  cuto- 
missare. 

Concerning  the  anterior  branch  {lu  a.)  of  the  third  nerve  I  feel 
in  great  doubt.  It  seems  possible  that  it  may  be  an  ophlbalmiD 
bnnch  of  the  third  nerve,  equivalent  (a  the  oplilhslmio  brviicbea, 
of  the  Rftli  or  seventh,  and  its  courae  and  distributmn  certainln 
favour  soch  a  view.  On  the  other  hand,  until  the  develnpinend 
of  the  fourth  nene  has  been  satisfaciorily  deierroined,  1  thmlJ 
any  ultempt  lo  determine  the  homotogica  of  this  branch  of  the 
third  would  l>e  premature. 

The  Development  of  the  Sixth  (Abdneens)  Vtm. — Plate 
YI,  ii^.  38,  represents  a  longitudinal  vertical  section  llirougn 
th«  bead  of  a  &-jp//i'ttiw  embryo  at  stage  o,  the  section  being  lakojiJ 
*  short  distance  to  one  side  of  the  mmlian  plane;  it  shows  tin 
three  in.iin  divisions  of  the  brain,  the  pineal  gland  {pin.)  aacll^ 
infuudihuluiu,  also  the  Inierul  exiuinsioD  t/"V.)  of  tlie  pitoitaryj 
invohiliun  frum  ihc  mouth.  .\  porliun  of  ihe  third  nerve  (in)  isj 
at  a  short  distance  from  its  origin,  included  in  die  sectiou,  whicn 
also  shows  tbr  int-rsting  mnss  (i.  v.)  lyicg  at  the  side  of  IhJ 
notocbord.  S)tringing  (rum  the  base  of  the  third  btain  by  ^ 
large  number  of  slender  tuoU  and  then  running  forward  and 
losing  itself  in  tbc  investing  uiass  is  a  nerve  (vi).  In  the  ncxt| 
sedioD  this  nerve  can  be  seen  to  come  into  contact  with  Die  •ndl 
of  n  muicle  (r.  e.,  fig.  ST),  which  muscJe  can  bo  traced  '  1 

the  more  su)>erflciul  sectionn  in  %s.  36,  85,  ^4',  33,  ij 

uUimntt^ly,  iu  sections  not  ligun-d  lir.rr,  c^in  be  traced  into  oonJ 
tact  with'  the  eyeball,  and  can  be  recognised  definitely  a*  thai 

■  Fi4f  Mlf,  too.  oil.  J 

■  l«e.  eiU,  p.  W.  ^J 
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kWm  erfmiM  V.  poiUrior.  Thb  nerre  i»  iiluiticsl  in  struetoR 
and  reUiions  with  tbc  ncne  I  tiAvp  iirrrioiulv  iilriiliticd  aoi) 
described  in  lh<^  Cbick  a»  the  sixth  or  abduccna  ni-rve.'  If 
&$;.  3S  b«  comiMivd  with  ihf  Hgtirr  I  luvc  Hjcwhcre  ^ren  of 
the  tixib  ner*e  in  the  Chick,'  tbeir  iilpntilj  will  be  recognised  at 
ODce. 

In  Sg.  S9  an  rnlar^tl  •r'wir  in  ^vrn  of  the  nerve  froin  the 
mm  aectios  a*  fig.  -^S,  in  order  lo  vhov  id  structure  more 
dear)/.  The  oerre  itself  w  blender;  it  arises  bj  a  nnmbcr  of 
fOOt«,  eight  or  nine  in  numbrr,  arranged  a nteru- posteriorly,  *o 
that  ita  origin  rarer*  n  conviilvriiblr  les^h  of  the  base  of  the 
brain.  Both  the  nerve  itself  and  its  niol*  coiifi«t  of  fasiform 
or  still  mote  eloof^led  cells,  fieither  in  lAe  nerrt  nor  in  any  of 
it*  rooU  are  there  any  ganglion  celU. 

I  have  rccogniwd  the  »ixth  nerve  having  all  the  charactera 
above  described,  except  a  Klighttj  smaller  number  of  roots,  in 
cnbiToa  of  Mage  v,  and  abo  at  stage  l  ;  in  etnbrvos  joangcr 
than  L  I  Ittve  failed,  after  most  carehil  searching,  to  delecl  it. 

In  figs.  28  to  31  the  siilh  nerve  i»  »howD  in  transverse 
section  at  a  stage  between  a  and  k.  Fig.  2s  paMm  through  the 
TtftMt  ertemus  muscle  od  both  aidrs,  but  IS  entirely  in  front  of 
the  nerve,  t'lg.  29,  which  is  takenfroraasectionaslwrldiftancc 
further  back,  tliows  on  the  left  side  the  sixth  nerve  cut  trans* 
veraelj ;  on  the  right  (he  pmtcnor  end  of  the  rectus  exiemus, 
and  a  tmaU  fracment  of  tbc  nerve  are  shown ;  this  section 
paMCB  tbfough  the  point  at  which,  ia  fig.  98,  the  Dcrve  bends 
down  and  Iom-4  IimII  in  the  investing  maas. 

Fig.  30  is  taken  still  further  t»ck ;  it  passes  through  the 
rxrta  of  origin  of  the  aistb  nerve  on  both  sides.  Theae  roots 
tie  enlirelv  above  the  invming  maas  (t.  v.),  as  is  shown  also  in 
fig.  38.  In  fig.  31  the  root»  of  the  nerves  (vi)  arc  shown  on  a 
larger  scale  from  a  section  belonging  to  the  same  series  as  Ggs. 
S8  to  30 ;  it  sfaovs  very  clearly  the  non-ganglionie  chamctcr  of 
tiu  rooU. 

Figs.  29,  30,  3T,  and  3S,  niablc  ns  lo  determine  accurately 
Uu  situation  of  tlie  roots  nf  the  sixth  as  compared  with  the 
nerves.  Fig.  29  passes  through  the  root  of  origin  of  the 
seventh  nerve  and  through  the  whole  length  of  its  {Hvlatine 
branch  (vii  i.) ;  h  alfo  paMi.-s  through  the  sixth  nerves  just  in 
fruDt  of  their  root;  nf  origin.  Fig.  30,  which  shows  the  roots 
of  the  sixth  nervn>,  p2M*«  also  through  the  extreme  anterior 
cnda  of  the  auditory  veaicUs  (iiW.j,  through  the  main  trunks 
of  the  seventh  nerves,  and  through  the  auditory  nerves  (Tiii) 
before  thej  have  reached  the  auditory  vesicles. 

■  Iioe.  etl.,  p.  S3,  ttf, 

■  Loe.  at.,  plate  ui,  <g.  ii. 
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A  conpuriwi  of  th«K  ligures  with  %«.  37  uid  38  shovs 
ibst  tlie  sixth  nerre  arisea  on  eithpr  side  a  >Lort  tlisUnce  from 
the  mid  ventral  line  of  the  hind  brain  bj  a  number  o(  ruoU ;  the 
most  aateriar  of  these  roots  u  situalcd  about  the  level,  or  iinmc- 
diatel;  behind  the  Ii-vcl,  of  the  roou  of  the  Mvuoih  nerve,  and 
the  niml  iKMlrriuT  of  the  roots  is  in  bout  of  the  middle  of  the 
auditory  vesicle.  Theae  roots  ditfcr  toislU  from  the  root  of  the 
Mvcnth  ncn-e> — (a)  >□  being  multiple  inetead  of  sugle,  (b)  in  being 
devoid  of  g&nglioD  cellii.  In  thoe  features,  as  well  as  in  ihdr 
point  of  origin  from  the  brain,  as  shovn  in  &gt.ii)  and  3U,  th«j 
bear  a  very  close  resemblance  indeed  to  the  aulvrjur  roots  ot  a 
Rpiual  nerve.  Indeed,  the«e  two  figures  aeom  to  me  to  Irave  no 
doubt  that  tea  atU4t  regard  tie  *iitA  Htrvt  a*  kacimti  tie  tamt 
Tfltilwn  lo  lie  tevcnti  iiaC  tie  anifrtor  not  of  a  tpiiMt  men* 
koM  to  its  putterior  rout. 

In  my  paper  on  the  cranial  nerves  of  the  chick  1  have  already 
expressi-d  tbc  same  opinion,  and  arrived  at  the  same  coudusioti, 
as  to  the  morphological  value  of  the  sixth  nene. 

The  ijdc^tion  uftlie  cxlnlcnoe  or  iiou-itxi-iteiiccof  antviior  roots 
totheoruniul  nerves,  interesting  enuu^b  before,  luxjuires  additional 
importance  from  the  argunicnU  based  by  Mr.  Ualfuur  on  the 
supposed  noii-cxistcucc  of  such  roots.  In  Ampbioxus  all  the 
nerves  possess  siuRte  roots,  which  roots  correspond,  as  IJulfour 
has  cunclusively  shown,  to  tbc  dorsal  or  ]H>»tvrior  roots  of  other 
Vcrt«briilt-.s.  A»»uining  that  tliis  is  the  primitive  condition,  of 
which  »lri)ng  t^videiice  is  atTorded  by  the  actuid  dcvelupuicnt  of 
the  spinal  ui^rves,  Italfour,  fading  to  find  anterior  roots  to  the 
crauiul  nerves,  argues  that  the  "  retention  of  the  primilivc  con- 
dition ill  the  brain  implies  that  this  became  ditlcnliated  from 
the  remainder  of  the  nervous  syatrin  at  u  very  early  pcnod  before 
the  ac(]uir«inenl  of  anterior  nerve  roots,  aud  that  tJicse  evcutually 
tiumine  dcvt^loped  only  in  the  case  of  spinal  nerves,  and  not  in 
the  cjse  of  the  already  highly  modified  cranial  nerves."' 

It  will  be  seen  thai  this  argument  amounts  to  little  more  than 
an  exptanation  of  the  fupposcd  absence  of  anterior  roots  to  Uk 
craoinl  nerve*,  whicli  explutintioti  iKcoinea,  of  course,  unnecessary 
if  evcti  a  single  undoubted  anterior  rout  is  discovered  iu  ■  cranial 
nerve.  There  is  no  a  priori  improbability  that  such  anterior 
roots  should  exist;  on  the  contrary,  it  is,  to  my  mind,  in  the 
highest  degree  improbable  that  the  cranial  nerves  should  in  suefa 
a  point  have  pre^ierved  a  more  primitive  arrangement  than  the 
far  l«KS  oomplrx  »]iiunl  nerves.  Then^fore,  when  we  tind  a  nerve 
in  embrfos  of  .stage  l  having  the  oliaraeteristic  position,  strao- 
turc^  and  appearanoe  of  an  anterior  sjiiual  root,  and  bearing  the 
same  relations  to  the  seventh  nerve  that  an  anterior  spinal 
'  Op.  ciu,  p.  193. 
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does  to  ft  potftemr  root,  I  «ee  no  muon  to  donbt  that  tliis  oeire 
(the   sixth)  is   to   be   coosidertd   u  th«   iini«rtor  root  of  the 
^—KTrntb. 

^■^  The  sole  potnl  of  sny  importance  in  which  the  aixtli  d'iffm 
^^botn  « typical  anterior  root  if  ih&t  it  do(»  not  join  with  iU  po^te- 
I  rior  root,  the  seventh.  1  do  not  think,  howcvi-r.  Hint  tlii*  point 
I  BUI  be  regarded  as  of  sufficient  importance  to  render  the  com- 
ff      pariaon  isralid. 

It  bfcomca  now  s  matter  of  mnch  interMt  to  determine,  if 
poMible,  whether  antrrior  roots  are  pre«cul  in  t)ie  ulht-r  cranial 
Momenta!  nerves.  Such  roots  have  been  described  bv  Hegenhaiir 
in  the  »da](  Ihianchtu,^  by  Jackson  and  Clarke  id  the  ndult 
JSdkmoriinMS,*  by  BalfoaT*  (who,  however,  regards  them  as  be- 
longin;;  really  to  tbc  jpinsi  and  not  the  cranial  nerves)  in  both 
ailult  and  embryo  examples  of  ScyUium,  by  myM-lf  in  the  embryo 
ihick  aboot  (he  end  of  the  fourth  day/  and  by  others  in  diflerent 
"alt  Tcrtcbrales. 

Are  there  any  trans  of  sach  roots  in  the  third  and  fifth 

rves?     In  ansircr  to  this  question  I  would  suf^»t  tbitt  the 

lall  aDierinr  oon-ptnglionic  roots,  which   I   have  ilescHbcd  as 

:ng  in  both  the  third  and  fifth  nerves  during  stage  i,  are 

ly  morph<dogically  equivalent  to  anterior  spinal  roots.    These 

its  closely  aftree  irith  the  roots  of  the  sixth  nerve  in  appcar- 

lOe;  they  are  slender,  non- ganglionic,  multiple,  arranged  man 

an tero- posterior  series,  and  appear  lat-er  Uion  llie  original  pn- 

;Iionic  roots.     The  exact  time  of  their  apjiearanoe  1  have  nut 

lermined  with  accuracy,  but  il  is  certainly  noteworthy  that  the 

lieat  period  at  which  1  have  noticed  these  additional  root^  of 

the  third  and  fifth  nerves  is  also  that  at  which  1  hove  first 

drtrctrd  the  sixth  nerve,  vix.  stage  L. 

Tn  the  fact  that  tbriranlerior  root*  are  situated  further  forward 

than  their  posterior  roots,  the  third  and  fifth  nerves  resemble 

the  spinal  nerves,'  hnt  differ  from  the  seventh,  wliose  anteiinr 

root  (the  sixth)  we  have  seen  to  be  situated  a  little  behind  the 

.IDOt  of  the  srventb.     Thii"  point  i»  probably  ennnecled  with  the 

uiplete  independence  retained  by  the  sixth  nerve,  and  alluded 

above. 

TTic  fact  that  the  anterior  and  posterior  roots  of  the  third 
nerve  arise  at  the  same  vertical  level,  and  not  one  below  the 
other,  is,  I  think,  fully  explained  by  the  great  change  in  posi- 
tion  which  the  posterior  roota  niidergo,  these  posterior  n^ots 

■  '  JeiMbche  Zritselirifl,'  vol.  vi. 

*  '  Joamal  ol  .^Biiomy  and  ]'liv>iolcf[},'  voLx. 
'  0|j.  ol„  p.  i05. 
'  I<oe,  eil.,  p.  3S. 

*  lUtTour,  op.  cit.,  p.  1$0,  and  piste  iii,  6g.  I. 
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triviiig  from  tUe  brain  JQ  the  aitult,  u  ibon  ia  flg.  22,  in  the 
potilK)!)  Will  by  uuriiinl  aaUrior  roots  (cf.  fig.  3UJ.  Tlie  aatne 
eipianatioii  maj  poMiblj  spi'lf  to  the  fifth  also. 

Tbo  X>eTfllopm«at  of  the  Eye  Haiclei— I  have  made  ccrUit 
obseiTiUiuDB  on  the  licvrlupinml  of  tlic  eye  musclts,  wbieh, 
though  RB  yet  iiii|)erf«il,  1  dwire  to  ncord  li«nt,  bec«tue  ibtj 
Krein  to  ihrov  some  light  on  tbo  morpbulogj-  of  thia  vtrj 
ialereating  and  prrplexiog  group  of  muscles. 

In  a  pn^viou*  Ki-clion  I  tiuvc  dcMribed  the  way  in  which  the 
Girat  head  oariiy  becomes  [lartially  doubled  up  on  itself  so  u  to 
foriD  a  cop,  doselv  embracing  the  isner  and  portcrior  tartaoft  of 
the  eyeball,  and  have  further  mentiooed  that  the  guier  wall  of 
this  cup  becomes  convcrt'.d  iu  part  into  certain  of  the  ere  loiudea. 
I  propoftc  now  to  examine  tbevc  clianges  more  in  detail. 

I'reviouM  obuervers,  vitb  one  very  im|X)riant  rsception,  baTe 
mnintatneil  aa  almost  complete  silence  coDcrniiiig  the  deWop- 
nient  of  these  muscle*.  Bntfour,  in  his  great  memoir  on  Ebs* 
mobraiich  Fisbc#,  to  which  1  have  referred  so  oftem,  ataiea 
coDceriiini;  ibr.  Jir^t  head  cavity,  "  1  have  not  yet  succeeded  u 
tracing  the  subsequent  late  of  its  walls,  6ml  Uiai  itproiabte  that 
tifg  develope  into  the  mvteUt  of  tki  ege"^  I'hese  three  lina 
which  have  furutshcd  the  clue  I  have  att«mpt»'d  to  follow  tip, 
coutaiii,  1  believe,  all  that  has  been  hitbcrlo  published  ouiiccnung 
the  embryolopy  of  these  muscles. 

Plate  V,  tigs.  19  and  £0,  represent,  as  airnidy  described, 
longitudiQul  and  vertical  aectious  through  an  embryo  at  stage  K. 
Tlie  ftral  head  cavity  (1)  is  doubted  up  m  the  oianner  dewribed 
above,  and  its  outer  wall  is  converted  iu  part  into  muscka. 
Kiga.  ?!%  to  40  show  the  same  parts  in  a  more  advanced  Btat«  of 
develoumeut  at  stiige  o.  In  ligs.  34  and  3j  the  muscle  fibres 
derived  from  this  outer  wall  of  the  Erst  heud  cnvity  are  dearly 
divided  into  three  sets,  upper,  middle,  and  latotr.  Of  these  the 
miildie  set,  tigs.  HI  and  ib  (r. i.)  run  horixoutally  forward*  in 
close  conoeclion  with  the  inner  surface  of  the  cycMI;  with  this 
muscle  ihe  anterior  branch  of  the  third  nerve  (iii<i.)  is  eeeo  to 
he  )u  very  close  relation.  This  muscle,  which  appears  to  be 
developed  partly  from  the  outer  and  partly  from  the  inner  wall 
of  the  first  faciid  cavity,  lia.i  exactly  the  potiitiun  and  relations  of 
the  rectus  in'f'iiM  of  the  adult.  The  w^er  portion  (r.  s.,  fig. 
S4]  is  quilf  distinct  from  the  middle  portion  tint  described  ;  it  is 
situated  entirely  above  the  ramus  o/iiliiilmettt  pro/uHdttt  (tii 
a.)  it  runs  upwards  and  outwards,  and  terminates  iu  the  upper 
wall  of  the  i-ycball  (fig-  32,  r.  *.)  This  muscle,  from  ita  oourae 
and  relations,  caa  be  none  other  than  the  Tcetv»  tuperior.  'V\u 
■  Loo.  ciL,  [).  KCIB. 
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tbc  mnfcle   (9.<.)    IxHng   aa   I   bare   named   it,   IIk  tAlitftaa 

Ttie  last  of  the  muscles  of  the  ere,  reetM  extentv,  it  Ibn 
trunwX.  of  all  io  rcoognivc  and  det«rmiii«.  U  can  be  dearij 
recognUod  iu  ttsge  u  {ride  IS  toSO,r. «.)  iis  aroJnj;  brhiiia 
the  main  stnn  vf  thtt  fifth  nerve  (bctveeD  the  fifth  nn<l  nrTcntli 
nerves  in  fact],  anil  running  forwards  and  outward;  to  tbr  ete- 
b«l],  passing  to  the  inner  side  of  the  mandibular  branch  of  th« 
fifth  neri'e  (G^s.  19  and  IS)  and  ending  bj  bring  inserted  bto 
the  out«T  ami  posterior  watt  of  Uie  Fyeball.  IV  course  of  the 
muscle  and  of^  the  nerrc  supplying  it  (the  »ixth)  ia  wtill 
showD  at  stage  o  in  figures  i'i  to  38,  Fig.  SS  »bows,  as  aU«adj 
noticed,  theori^tinnd  trunk  of  the  sixth  nerve;  fig.  '&!  shows  at 
r.  e.  the  nerve  terminnling  in  the  posterior  part  or  origin  of 
the  mnscle ;  the  mnacle  itself  can  be  tramd  running  forwards 
and  outvanis  in  flgnres  36  and  35  (r.  e.).  \a  fie.  iii,  it  is  seen 
crosMnv  the  mandibular  brancb  of  the  fifth,  l;tng  to  its  mber 
aide,  while  figs.  33  and  32  show  it  mnning  forwards  to  front 
of  the  fifth  ncne  towards  the  cjcball. 

The  reef»»  externat  b  also  shown  in  transverse  •ection  Jn 
fig*.  28  and  US  as  already  desacribed,  the  former  figure  abuwing 
its  olflae  relation  to  the  fifth  nerre. 

The  most  important  fact  in  connection  with  tbis  muscle,  and 
a  fact   proved  in  the  most  conclusive  manner  bj  the   figurea 
refwrcd  to  abow,  is  tlinl  it  Hat  nolhtny  lehaUrer  Ui  do  wUi  tie 
firit  head  rarilf.     Though  it  ultimulety  mtches  the  eyebull,  jet, 
ns  shown  in  figures  18  and  3i,  it  ties  su]>i>rfictaI!T  to  this  cavity 
and  never  comes  in  conUict  with  it  at  all.    This  is  a  point  whose 
importance  can  hiirdljr  b«  overrated,  as  it  furnishes    us  with 
an  explanation  of  the  fact  that  the  rtrttit  ctternm  is  rappiJcdM 
not  hv  the  third  nerve,  bat  by  a  totally  distinct  m-rrc— lh(^  sixtu| 
Of  the  four  muscles  supplied  by  the  third,  three  arv  oi-rtninin 
and  the  fourth  possibly,  developed  from  the  walls  of  itic  firt^ 
head  cavily.    The  recfa*  fxfemvt  has  nothing  to  do  with  this 
cavity;  it  is  in  fuel  a  muscle  belonging  to  a  segincut  furlhrr  boek, 
and  consequently  has  a  distinct  and  sqiarate  nerve  supply. 

We  have  wen  at>ove  that  the  dorsal  ends  of  the  second  and  third 
cavilio  disappear  by  stage  k  ;  it  will  be  wen  from  the  figures  that 
the  ffchu  e^lrrnu*,  which  appenn  at  stage  u,  occnpies  exactly  tiM 
position  previously  held  by  ihe^e  cavities.  I  have  not  yet  »u^| 
ce«di^)  in  determining  whether  the  muscle  is  directly  derdop^l 
out  of  the  wall  iif  nne  or  other  or  both  of  tfane  cavities,  D^| 
when  we  consider  that  the  walls  of  the  other  cavities  bwoi^H 
mnsclrs,  lliat  thia  muscle  a|ip<-nr  immrdiali-ly  afirr  tbr  disa^f 
iKtaruiiDi!  (if  tbr  cavities,  tlut  it  ucrunies  the  pimtiou  ))TOviflmi^| 
hdd  by  the  cavities^  and  IhnI,  finally,  it  b,  fur  n  lime  at  XviutJH 
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the  oa\y  tniucle  in  this  irxpon,  it  becomes  venr  probable  that 
the  reetvM  erltfnui  is  nnuj  derelopcd  from  tno  wall  of  Uwse 
cavities.  Whether  boUi  cavities  take  part  in  it  is  unMrtain, 
but  it  is  cviJmt  that,  if  llii)  b«  the  iiiodif-  of  its  dcTclopmtul,  tbc 
third  eavilj  tnusl  at  any  me  form  part  of  it,  ioasmuch  as  from 
its  earliest  appearance  pait  of  the  oiu»cle  (tigs.  19  and  30)  is 
sitoatcd  behina  the  fifth  iKrvc,  and  therefore  behind  the  second 
c»Tttjr.  In  this  fact  we  probabl/  get  the  explanation  of  the  fact 
that  tbe  oeire  supply  of  the  recln4  extemut  is  by  means  of  the 
anterior  root  of  tlie  seventh  nerve. 

The  morphol<^  of  the  eve  muscles  and  tlwir  nerves  has  long 
been  iccogDiMd  m  a  eiirioiu  and  iDterestine  problem.  I 
vcatnre  to  hope  that  the  account  given  above  of  their 
defdopment  in  a  verv  typical  Vertebrate  will  be  accrplpd  as 
giraiff  us  at  any  rate  the  clue  to  th?  volution  of  (he.  problem 
— a  due  I  hope  to  follow  up  more  closely  in  a  further  paper. 
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CoKTUBimoiia  lt>  tie  \lis\rt&  Anatoui  0/*  Ih  N^jO.  Udcuvs 
MEitBUNK.  Bt  £.  Klein,  M.D.,  F.B.S.,  Lcctanr  on 
Hblology  and  Smbrjologjr,  ta  tbc  Medic*]  School  of  St. 
Bsrtboloouiv'B  UMjiititl.    (Willi  Plnte  VII.) 

In  ihc  present  pnpcr  I  propoM  I0  deMTibe  the  structnn  of 
lh«  organ  of  JuCobton,  aad  of  Ote  mncous  membraite  liuing  Ike 
nnlerior  portion  of  lh«  nasal  oavitT  in  the  adult  gtiiDea-|>ig,  *ai 
in  future  papers,  soon  to  follow,  to  cstcnd  thwc  observation*  to 
the  same  orgatu  in  the  rabbit,  mouse,  dog,  ape,  and  roan. 

l.—Tie  OrgOH  »f  Jaeoitm.^ 

The  organ  of  Jacobaon  of  mammati,  as  is  wall  known,  ia 
situated  bilaltrallv  in  tbc  lower  or  o«3rous  part  of  the  scptnm 
onritini,  or  more  correctlj-  niieaking,  in  the  crijtta  uaDuliic  of  tlic 
snperior  niaxiUarr  bones.  Its  general  morphologjr  and  develop- 
racnt  has  been  studied  by  Gratiolet,'  Born,*  and  Pleiacher.* 
lU  minute  iitrncturc  is,  however,  little  known.  A  radiment  of 
the  organ  of  Jacobaon  exista  also  In  mau,  as  Dnrsy,  imd  espc- 
cisllir  Koliiker,*  very  clearly  proves.  Kiilliker  found  it  in  iJu 
fotui,  in  the  child,  and  also  in  tlic  adult;  and  tn  this  last 
insUnoe  he  identified  it  as  the  duct  dncribed  by  T.  Fr.  Meckel 
and  by  Sotnmcring  in  the  loner  part  of  the  nasal  septuin.  Bat 
about  il«  hiatoingy  Kiilliker  doe^  not  give  any  detailed  account, 
owing  to  the  want  of  suitable  material. 

I  nave  investigated  the  stnictnrc  of  the  organ  of  Jacobson  of 
the  adult  gninca-pig.  In  specimens  suHabty  prepared  for  mkto- 
•oopic  examination,  and  1  am  thus  enabled  to  give  a  detailed 
aoeoont  of  the  parts  composing  it. 

1^  ptepantioM  were  obLuaed  b^  ]iUciii|^  tlis  iib«1  emu,  togcUcv 
witk  ttiB  uppc*  BaxilUrieA,  afltc  hanns  previoiuJy  roamed  ihe  OMeena 
eo*friD(c  in  i  p.  c.  wlntioB  of  owaic  aeidfor  ii  liMn  1  atltr  tUs,  in  ahao' 
late  aleobot  lot  Si—iS  boon;  a  icr;  minale  qiisalitT  of  bydntcUDds 
ae«d  b  tbea  acUed,  and  tbti*  the  bo«e  MfleDod.  finl  1  HTs  oblainnd  vet; 
p>od  *pMiinaDa  bf  ptatinft  the  tmk  atgm  tnt  ia  abaohrtn  aleabol,  tbn 
la  oMnie  acid,  and  tlien  into  ibe  waeetalinK  imd ;  er,  the  fttali  orna  a 
placed  in  Mallet's  Unid  for  two  or  Ibree  vteka,  and  tben  in  a  wiatua 
«f  ohnnue  adil )  p.  c,  sad  bjdrocUorie  acid  a  few  ilio^  (alieul  ^  vahune 
beinc  always  u*u). 

<  TUi  part  of  ib«  [wtant  f«|Mr  b  puUkhed  ia  tint  'St.  Barlkulcmew^ 
JliMpitJ  Reports  ■  fo  ISfiO. 

'  '  Ilwtwfobe)  ttir  I'orgue  de  JientnoD,'  Paris,  lIU. 

'  '  SiiUuiig.  i.  Bsterw.  Section,  Aoirnt,  1  $77,  ScbhaiK^  Get.  I.  Valcd. 
Cultnr.' 

*  '  SUsmwib.  d.  flivs.  Had.  SetMUl,'  BAumu,  ISTT. 

*  '  Oaldstlamebtft  an  Fr.  v.  BtaMfcer,'  Ld|yi|,  IBJJ. 
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Detabtase  oorenu  the  cutilipBDBB  Bual  septu^,  bat  tku 
does  not  bold  good  ia  tbe  gatoM-pig. 

Gt^olet  gpeiks'  of  tbe  tiwae  in  Out  sUt  u  of  "  ane  porte 
MwrnteR."  In  the  fainea-pig,  bowww,  lUr  ahore-roentioi 
plmrit-fhapni  prnjecttoo  of  tlu  upper  tan  uf  tbe  cartilxn 
JaeoMOD  includes  one  or  two  spacMiu  foDgitadinal  chatioiits  or 
clefts  for  the  bnnebes  at  the  nenrea  and  blwd-vcaaria  rupplytog 
the  orgn  of  JacobMiu        

Tigs.  1  aod  2  of  PUl«  Vn  give  u  loeante  represmtatiua 
of  the  leUtioii  of  the  cartiUge  of  jMobsoo  to  the  organ  of 
Jioobeoo,  and  to  the  cartilagimas  nanl  wpttuD.  Both  fignm 
woe  nude  vith  the  cainen,  and  Ifatir  ni^wctiTe  prepanuions  an 
obtaioed  from  the  nme  oigaa  of  Jacobfon  al  different  placet. 

In  fig.  1  the  capsole  is  complete ;  id  fig.  i!  it  is  incomplete 
somepuoes;  while  in  others  the  cartilage  is  rrdoced  in  thicknes 
to  a  mj  coDsidmble  drgne. 

fiak^b,*  in  his  de*cripUon  and  Piutntions  of  the  cartilage  of 
Jacobson  in  the  sheep,  introdaces  a  ijerfectlj  unnectigary  and 
complicated  tcrmiDolog;  of  the  different  parts  of  the  carnlage. 
As  far  as  I  can  ttndentaQd  his  elaborate  deaeription  (pp.  451 
and  m),  the  cartilage  docs  not  difltx  moch  from  that  deKrilml 
hj  Gratiolet  of  other  mammal*.  Balogh  docs  not  know  of 
Giatiolefa  work,  otherwise  he  might  hare  been  able  to  follov 
tbia  Utlcr's  simple  description. 

As  mentioned  above,  tAe  wgan  of  Jacobean  is  flattened,  ami^ 
therefore,  tta  walls  are  getvemly  considered  as  the  lnl«nd 
median  wall,  the  latter  wing  the  one  nearest  to  Utr  median 
of  the  >q>tnm.  For  s  better  anderstanding  we  shall  speak, 
addition,  of  an  upper  and  lower  solcos,  meaning  tfae  parts  where 
the  lateral  and  median  wall*  are  tn  contact. 

In  the  guinea-pig  the  outline  of  the  transveRfC  sectiim  is 
nmpiy  oval,  liut  u  KidneT-ahaped,  the  lateral  wall  besng  p 
iiiwanU,  t.e.  agiin$l  the  lomeo  or  cavitj:  of  the  organ. 

I'he  size  of  the  otgau  is  about  the  nme  on  bolli  tides. 

Qraliolrt  meulio«,'  ia  lh«  «pper  aad  onus  put  of  lk«  otgta,  a  i 
spiMlMs  prqJtCtioQ.  "  ua  boornlet  sailknt.  <|ue  je  ne  anuati  nuna  c    ._ 
piRr  (|>'& ToTfuc  djoni  daat  rtntnlia  du  lamhrie  sow  Is  aom  d*li«lettlmw 
IB  ialeatino." 

BtlOgh*  Sails  b  the  acpm  of  tlic  (hceii  i  linilsr  nrojcctioa  «f  Ih*  wall 
bom  Um  upper  outer  part, "  DnucBvubt."  Bat  in  the  ruaB*-p'Z  'twere  is 
no  mdl  pn^eeUoa  froa  tbr  upper  pan  of  tin  wall,  in*  latcnil  mil  m  a 

'  lot.  al.,  b.  19. 

>  -  SiUuBKiWr.  a.  Kjui.  Akailnii.  i.  Wit*.,'  Ttewia.  vuhuM  ii,  |>.  It 
"  Do*  Jitaatoa'»tia\  Organ  des  Belisfes." 
'  Loo.  dl..  p,  ifl. 
'  Ue.  cil.,  p.  U7. 
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wbolcforauig  a  slight  ooimiitjta«*rd*  the  lumen  or  thoorxtn.  Compare 
Fig*.  I  tnd  3. 

The  foUowing  «re  the  me»ureiiienU  of  the  difTcreitt  diami^trrs, 
taken  at  a  paint  where  tlie  eartilaginous  cagiaule  is  more  or  leas 
incomplete  at  the  outer  and  lower  part  of  the  organ  (see  fig.  2). 

The  ibort  ifuiTcrM  diameter  of  (be  orgao.  eielutive 

or  the  caritlifp;  or  boat,  u  about  ....  07S  mm. 

The  loag  tiantvene  diameter  of  the  orftuui.r.  acroM 

th«  upper  Bad  bwer  »uloui  is  about  .  I'l    „ 

The  thickness  of  tb«  lalcral  vail 0-3S  to  0^8  mm. 

„  „       median  wall Q'H  mia. 

Tkt  dtort  m»t«rta  diameter  of  the  cavil;  .  ■  0*3    „ 

Tke  long  trutrene  diaaietcr,  from  the  upper  to  the  kiver 

••lew 0-77  „ 

The  thicknei*  of  the  wall  at  the  lover  sulcus  is  about  the 
as  that  of  the  lateral  rail,  while  that  of  the  wall  at  the 
upper  aolcus  is  aligbtly  larger  than  that  of  the  median  iralL 
Ab  regards  the  etracturc : 

1 .  Tlic  lateral  wall.  This  eonsiit*  of  (a)  tbe  epithelium  lining 
the  eatity,  (4)  the  subepilhdial  Sbrous  layer,  (o)  the  layer  of 
the  cavemooa  tissue,  [tl)  the  layer  of  the  ^Uuds.  Outside  tneae  is 
the  thin  layer  of  fibrous  tissue  conncctini;  Itie  organ  with  the 
"  _  ■;  or,  where  this  is  wauled,  with  the  bout,  and  acting  aa 
perichondrium  or  inner  ueriosti-uni  respectively, 
a.  The  tpitieliiiti  is  in  all  r«»pects  similar  t»  that  lining  the 
^DoooQ*  nembrane  of  tlie  nasal  carity,  being  composed  of  a  super- 
ial  layer  of  eolumnar  or  eonical  cells,  betveen  the  extremities  of 
extend  sjiindlp-shaped  or  inverted  conical  cells,  i.e.  cells 
basis  is  directed  towards  [he  depth.  Each  of  these  cells  pos- 
an  oval  dhcIcus.  The  superficial  conical  cells  show  on  tlieir 
nu^cc  a  bundle  of  fine  cilia.  The  whole  thickiie*s  of  the 
itbcliom,  inclusive  of  the  cilia,  is  O'O&l;  the  length  of  the  cilin 
U'OU^'t  mm.  Loewe^  failed  to  »oe  the  cilia  of  the  cpitheliam 
the  lateral  wall  of  the  or^n  of  Jacobson  in  the  rabbit,  but  I 
presume  this  is  entirety  owing  to  thv  mode  of  pitpaiing  the 
specimens.  Some  of  the  .-luperficiul  epithelial  cells  present  tliem- 
't«  as  gobUl  ctlU. 

Leydig  metitiona'  that  "  dliated  epithelium  "  forms  the  bonn- 
darr  of  the  narrow  Eameo  of  the  organ. 

fialogh*  does  not  distinguish,  in  the  sheep's  organ,  the  epithe* 
lima  covering  the  lateral  wall  from  that  of  the  median  wall,  but 
'  I  of   it  as   a  whole,   and   remarks    that  it   is  ciliated 
ilitun. 

>  'Bdir.  lur  Aaatom.  d.  Nsn  imd  Mundliolile,*  Betlio,  1S7B. 

*  •Uk'Wuth  li.  Tlistoiuiric.'  p.  SIS. 

*  Lot.  cii.,  p.  *iS. 
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Snv  pn(  flf  the  gainl  ndMc-    IV  eooKd  nfli  tre  M 
"taUkibti  wBb,"  md  ii»T  >k  (Bailer  simI  tktnRs,  «di1  tliiii 
-3m»  h»p  jiiliy^j  ikin  ue  CfitUicltal  «lli  of  tlie  o)£ti>torj 
tMraa  «f  1^  "^  aritj.     IJuifa  of  th«M  epithelial  «Ui  a| 
t»  ba  lumrf  i1  uf  ■  iwTOv,  oral,  tr^osparcDt  nnclciu. 
fte  Inv  of  epttU"^  '^*1'*  "*  "'"■'    '■>"•  "^  "i 
WBia^linlT    W    """^'"i'    "-^   ooUintd,   tod 
a  dalicite    Miculura.     E»oh  of   lhi»e  nodn  b_._,_ 
win^MhiH.  F«i«l"-''^?'''8  "".  0'  wh«h  one  procea, 
. .-    in  browl.  but  thinner  Ihaa  an  cprtliclial  onO, 
,.'  aw  of  llw  •i»»B    ilrite  between    ifae  "cpilh^ 
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tkt  metnbnne  »t  the  lower  micas,  but  extend  nt  this  latter 
pUoe  aJ*o  a  short  dutaace  into  tlw  median  vail. 
There  b  a  remarkable  difference  in  the  distribution  of  the 

Skndi  between  the  organ  in  the  guinea-pig  and  the  rabbit,  in 
at  latter  the  glands  b^g  chiefly  accumulated  in  the  upper  and 
oul«r  position,  jsat  as  it  is  ili-scnbi-d  bj  Gratiult-t  anil  Bsl»gh. 

The  aiveoli  are  branobed  and  more  or  lew  oon?olut&d  tubes 
of  exactly  the  same  nature  aa  other  serous  glands,  e.^.  the  parotid. 
The  Ituurcrse  diameter  of  the  alveoli  vanes  between  0024  and 
0-036  mm.  The  alveoli  are  limited  hj  n  mcmbiana  propria; 
thqr  poaaeM  a  verj  minute  Jomen  and  are  lined  with  a  single 
lajer  of  uoljhedral  or  short  coliimiiar  epithelial  cells,  each 
with  a  spherical  nncteu*,  siluateil  in  the  outer  part  of  the  cell. 
Tbc  cell  aubttance  is  a  dense  reticulum,  and  therefore  appvars  as 
a  BnifonBlr  erannlir  protoplasm.  The  outline  of  the  alveoli  is 
aot  smooth,  but  show<  numerous  minute,  rounded  prominences, 
owing  to  soDie  of  the  epithelial  cells  poMCSsing  a  convex  outer 
inrfaoe.  And  it  is  jnst  in  the«e  c«ll>  that  (lie  projecting  convex 
oater  part  of  the  cells,  eontaiiting  at  the  same  time  the  amall  round 
nncleo?,  npprars  more  uniform  and  better  stained  than  the  iunei 
part,  and  hence  tbc  appearance  is  produced  vcr;  similar  to 
tlial  presteuldd  bjr  the  cells  of  the  alveoli  of  tlie  pancreas. 

TIk  doots  are  short  and  they  take  up  directly  the  alveoU ; 
thcj  are  lined  with  a  single  layer  of  colnmnar  i^ptthelial  cells;  in 
soae  itutances  the  enter  portion  of  the  cell  Hubstanee  appears 
loogitudiDally  striated,  just  hke  those  in  the  salivary  ducts  of 
Pft^er.  The  ducts  open  with  a  narrow  mouth  into  the  ioKcr 
aulous,  where  the  colnmnoi  ciliated  cells  of  the  lateral  anil  pass 
inlo  the  mouth  of  the  former.  And  these  mouths  form  indeed 
the  boundary  between  the  epithelium  of  the  UU:n\  and  that  of 
tlia  median  wall.  I  have  seen  fipeciniens  {nt  tig.  u)  where  a 
daok  optidug  in  the  lower  sulcus  with  a  narrow  mouth — about 
0*012  mm.  in  diameter — became  much  distended  behind  this, 
and  extended  in  this  state  into  the  wall  of  the  organ  nt  the 
birec  aulcns  to  a  dejrih  of  abool  iyii  mm.,  the  diameter  of  its 
loMWO  being  here  0- 1  ;  and  throughont  this  whole  length  it  was 
lined  with  columnar  ciliated  epithelium,  the  length  of  the  epi- 
thelial cells  bring  U'02  mm.,  the  length  of  their  cilia  about 
U-00(]  mm.  In  this  same  specimen  from  uhich  lig.  5  it  taken 
Jacobson's  cartilage  was  wanting  almost  everywhere  except  at 
the  upper  sqIcqs. 

ft.  The  median  vail.  As  such  w  ill  be  considered  that  part  of 
the  eiicomference  of  the  organ  which  ia  not  strictly  limited  to 
the  median  line  of  the  nasal  septnm,  but  n-hich  is  covered  with 
a  thick  epithelium ;  this,  owing  to  its  pccultat  nature,  is  the 
'  sensory  epithelium." 
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The  iDodbu  wall  oomiirises  mucb  the  gn-atvr  lialF  til  the  viD 
of  the  organ,  extcndioff  almost  over  two  thirds  of  the  whole 
circurafcKDot.  Its  thickncas  is  nbout  0'14  mm. ;  at  the  lower 
Rulctu  it  iWixvvcft  *lifihll}'.  TIk  mont  ct>ti»|)icuuu»  fnturc  in  (liis 
IB  the  sensory  epitheTiuiu ;  its  thicknesH  i.*  01  mm.  What  it 
not  epitheliuui,  i.e.  outside  this  latter,  is  fibrous  tie^iQc  iuli- 
matcl)'  conntcted  with  the  ))cnchoiidrium,  or  intrmal  periosteum 
respeeliveljr.  Nunicrout  .imall  ui-rvc-brniicliui  an  conuined  in 
the  subepitjieliat  layer,  and  here  thejr  may  be  followed  as  oblique 
or  longitudinal  bundles,  ultiraatelj  ascending  into  the  seitsorjr 
epitheliani.  Thcw  bundles  are  derived  from  large  branches, 
which  are  contained  a»  group*,  nnd  in  comjany  with  blood- 
veueJf,  in  the  channels  of  the  plough- sliaiied  upi<er  |Hirt  of  the 
cartilage  above  mentioned.  Most  of  the  nerve-huiidles  we 
derived  from  the  olfactory  ncrre,  and,  like  this,  are  composed 
of  nun-medullated  tj'jres;  but  tben;  arc  a  few  small  bandlea 
of  the  nervous  na3o-|mintinus  of  Scarjw.  Graliolcl'  bai  very 
exhaustively  treated  of  lh«  origin  and  diatributioii  of  theae  nervea. 

Aa  has  bc«u  toestioned  above,  the  gland  alveoli  at  llie  Iowa 
sulcus  extend  a  short  dirtance  into  the  meduin  wall. 

The  lenwry  ^UAflium  cxUtnif  over  the  whole  of  the  median 
wall  jiroper,  and  the  greater  part  i>f  the  adjacent  sulcus  superior 
and  inferior.  Its  structure  is  this:  most  superficially  it,  vti. 
the  epithelium  as  a  whole,  presents  a  faint  vertical  striation,  Itie 
atiiac  being  due  to  thinner  or  thicker  granuUr-Uinking  columnar 
bodies.  Tliese,  on  careful  examination  with  high  )>owit«,  pruvn 
to  be  either  the  thicker  proce<>se»  of  the  deeper  cells  irachiBR 
up  to  the  surface,  or  conicnl,  thin  epithelial  cells,  wboae  bun 
forms  ]>Brt  of  the  general  surface.  The  conical  cells  arc  tlie 
"  epiUieiial  celts,"  and  tliev  are  smaller  and  thinner,  and  their 
nucJeos  !«>§  distinct,  Uun  tne  epithelial  c«lls  of  the  olfacttiry  epi- 
thelium of  the  nasal  cavity.  Bach  of  these  epithelial  cells  apuean 
to  be  possessed  of  a  narrow,  oval,  transparent  nucleus.  Balow 
the  Inyi-r  of  epithelial  cells  are  several  lajren  of  splMrJcali 
comparatively  large  nuclei,  well  outlined,  and  oontaiaiiig 
a  delicate  reticulum,  £ach  of  these  nuclei  beloDgv  to  a 
aptndlc -shaped,  gnmutar-looking  fx\i,  iif  which  unc  process,  the 
vuter  oae,  ii  hroad,  but  thinner  than  an  epithelial  cell,  and 
extends  as  one  of  the  above  strtie  between  the  "epii^  '  ' 
cells,"  up  la  the  free  aorface,  while  the  inner  is  very  df 
and  directed  towards  the  depth.  Thr$e  spiodle'Shnjwd  cella  will 
be  sjiiiVrn  uf  as  the  "  sensory  «•!!» ;"  the  omoimt  nf  nil  •nbrtanrr 
ariturid  thr  nticleus  is  always  ajipreciablv 
"olfactory  Cilln"  of   the   nlf^rloM    rrgum,  i, 

•vidsitly  analoguus. 

'  i^K.  ul.,  p.  ii  *t  futtlm. 
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The  tvDvonr  cells  nrj  much  in  »ixe,  »me  Ixing  nearly  twice 
u  bulk/  as  albera  ;  the  Utter  posse**  nixo  a  lorger  nudeus  rhan 
the  fonner.  Thej  aro  generally  arranged  in  t  nuniber  of  lavers, 
fire  to  twcWc  and  more,  cither  uniformlr  occupjing  the  lower 
half  or  two  thirds  of  the  irholr  rpilDcIium,  or  the;  form 
^a^  of  four,  five,  and  more.  Tiierc  cxirt*  a  great  ditTerencc 
ui  different  parts  as  regards  the  extent  to  vhir.h  tli«  stneory  cells 
reach  towards  the  iurface,  for  there  are  many  places  in  which 
odIj  a  narrow  rtrip  of  0'0i7  (the  whole  thickness  of  the  q>ith«- 
Knm  hcinfr  O'l  mm.).  *■'■  o"iv  a  fourth  of  the  whole  epithcliam 
is  free  of  them,  while  in  other  places  they  occujiy  a  layer  of 
D-II&4  mm.,  or  about  one  half  of  the  whole  epithelium.  Hut  it 
miut  not  be  therefore  supposed  that  in  the  latter  places  the 
epithelial  oeiln  arc  much  longer  than  in  the  former;  this  is 
Bot  by  any  means  the  case;  in  the  places  where  the  »ensory 
ctdla  reach  up  neat  to  the  suifaoe,  the  "epithelial  cells,"  if  not 
wholly  absent,  are  rednccd  in  numbers  to  a  very  great  estent, 
the  outer  procrwcs  of  the  seiisorv  cells  altnoot  entirely  occupying 
their  plam.  Towards  the  sulcus,  superior  and  inferior,  the 
epitheUum  as  a  whole  decreases  in  tbicltness ;  at  the  sulcus  the 
epithelial  cells  become  very  few,  and  the  sensory  cells  almost 
entirely  form  the  layer.  Thrre  exists  a  most  sharp  boiindaiy 
between  the  sensoTy  epithelium  and  the  ciliated  eolnmnar  cpithe- 
Itnm  of  the  lateral  wall,  as  mentioned  above.  The  sensory 
epithelium  at  th«  eitremitiesof  the  median  wall  is  either  rounded 
off,  or  it  terminates  with  a  pointed  margin.  On  the  free  surface 
of  the  sensory  epilhelinin  is  a  delicate  cuticle,  similar  to  the  cuti- 
cle of  V.  Brunn,  in  the  (olfactory  region.  Both  the  proCMscs  of 
the  sensnry  cells  and  the  basis  of  the  qiithelial  cells  appear  to 
project  orer  the  cuticle,  the  former  as  a  very  minute  rod-like, 
and  the  latter  as  a  minute  knob-tike,  homogeneous  process. 

AtnoDgst  the  lower  layer*  of  the  sensory  epithelium  are  seen 
eftber  email  bundles  of  nerve  Gbres,  or  isolated  tine  fibres,  both 
extending  in  an  oblique  direction.  The  termination  of  the 
nerves  has  not  been  ascertained. 

On  (be  whole,  tiien,  this  •enaory  epithelium  corresponds  (o 
the  olfactory  epilheiium,  except  that,  in  the  latter,  there  existn  a 
deep  bycr  of  inverted  conical  "  epithelial  cells,"  i.e.  cells,  whose 
bases  are  fixed  on  the  subepithelial  basement  membrane.  In  the 
sensory  epithelium  (^  the  organ  of  Jacobrrau  this  dcqi  layer  of 
inrerted  conical  c|nthe1ial  oeli»  is  apparently  wanting,  the  sen- 
sory cells  reachkDg  as  far  down  as  the  subepithelial  fibrous  o(i.it. 
BesidM,  u  mnitioned  above,  the  "epithebal  cells"  of  the  sen- 
sory epithelium  in  the  organ  of  Jacobson  are  much  more  in- 
distinct  and   smaller  than   those  of  the  olfactory  qnthclium. 
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while  Uk  bodies  of  the  sensorj  cells  appear  larger  than 
of  the  ol&ctorj  cells. 

fialogfai  d<*cribc8  tlie  epithtlium  of  the  organ  of  JacobsoD  of 
the  ibcep,  witbout,  hovcrer,  making  a  distinction  bct«e«n  the 
MDiorjr  cpiUiclium  Itnins  the  median  vail  and  the  dliated  e)»- 
tliftUum  lining  the  lateral  wall.  Acoordicg  to  this  obscrrer  tne 
epithelium  coosista  of  tvo  kinds  of  cells — (a)  Urge  ciliated 
colamasr  edit,  and  (b)  smaller  olfactory  rod)  (^iec^rtiibchcn}, 
'llicw  latter  are  rod-like,  bvaltDc,  and  ountaia  in  Uicir  lower  or 
deeper  [Mirt  b  swelling  proauoed  hj  the  nucleus.  They  eitend 
to  tlie  free  surfaee,  and  posaess  here  tvo  triangular  pointed 
(Biccbliiirchen). 

Balofih  says  that  he  liaa  coovineed  hiin«elf  of  the  connccti 
of  the  epithelial  cells  vith  the  proccMea  of  the  cowKcttv«-ti»' 
corpuscles  of  the  mucosa,  irbile  the  "olfactory  rods"  are  con- 
nected, through  spindle-ihaped  cells,  vith  (be  olfactory  oerres. 
Bat,  coosidcnng  tnc  mcihods  with  which  he  woriied  (macera- 
tion in  Boctic  acid  niixlure)  il  is  itot  too  much  to  my  that  these 
assertions  must  be  received  nith  great  reserve. 

I  cannot  t«y  precisely  what  the  function  of  the  organ  of 
Jacobaon  is,  aiuco  1  have  not  made  any  experiments  on  thtt 
point.  Kullikcr*  tliinks  tliat  "  if  ve  do  not  usamc  that  ti  ^ 
tubes  of  JaoobsoD  arc  simply  secretory  o^aos,  llicir  vascultf 
tliiokncss,  their  aumeroui  glands,  and  the  numerouN  bmncbi-a  uf 
the  nerrus  uaao-palatinus,  seem  to  point  to  it ;  but  against  Uiis 
speaks  their  supply  with  rery  nameions  olfadoir  nerve-fibres. 
'I'herc  rcmaiiu  nothiag  dae  but  to  assume  iA^t  tley  (Jacobeoa's 
tubes)  tecffU  Juiett  and  tuitiaitce*  icAici  act  ok  titir  ^ec 
ntrv**,  and  tiut  eaabU  lit  orgaititm,  dirtctty,  tn  it  wrre, 
(Ataiit  iuairUJgt  of  tie  ehemieal  eontlitution  of  it*  ovnjuieetJ 
Whatever  may  be  the  precise  meaning  of  this  view  of  Kulliker'i 
it  seems  strange  to  have  leconrsc  to  such  a  theory.  Why  sbuu' 
it  not  tern  tot  the  perception  of  specific  smell*,  Mxiog  that 
really  belongs  to  the  olfactory  nerve  t<;nninntion  ?  lu  oodud 
nication  with  the  oral  cavity  doea  not  appear  to  me  to  be  advi 
to  such  an  assumption. 

Id  man  ttiu  organ  of  Jacobson  is  only  of  a  rudimentary 
nature  (Koliikcr)  as  com[Mrcd  with  that  of  msmmaU,  and  do 
not  theae  latter  {XMseia  a  iMver  of  peroeplioii  of  smt-ll,  about  T 
degree  and  nature  of  which  human  beings  can  hardly  have  a  \t 
concq>tion? 

■  U)o.di.,r.  II. 
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IL — Tit  Acce4tr»y  Organ  of  Jarolfon. 

At  S,  in  fig.  1  of  Piste  VI,  a  minute  tube  ix  ihown  id  transverw 
KCtion,  wbicii  cxlcoda  aloDgsidelhc  groore  which,  at  Iht^  bottom  of 
the  BH«1  caiHtjr,  i>  eoDtUDM  butwccu  the  wptum  and  llie  jUvcolor 
pfMos  of  tb«  ra|ierior  oiaxilU.  This  tabs  is  (liickled,  ks  k  ■Jiova 
m  the  fif  ure,  panlj  b;  tbe  lower  extremily  of  tb«  osKvona  Uinella 
th&t  fonns  ibe  support  of  tlic  lower  ooncfaaDariam.  It,  i.«.  the 
lobe,  ii  met  vitli  u  far  as  the  tube  of  JacobsoD  rxlends,  and  lilce 
this  i»  btlat«nl.  I  will  call  it  the  " aeceftory  oryan  ^Jacoiaoa/' 
it  b  a]*o  flaltenvii  from  tidtt  to  vide,  bikI  it  includn  a  luomi 
nxjiag  ta  diameter,  in  hardeoed  sMciinens,  aod  in  diffiirtMit 
bImo.  In  wme  places  thx  lumen  is  a  narron-  slit,  in  otben  it 
ts  of  idativel;  large  tmsTcrn  diameter.  The  wall  of  tbe  lube 
coBiisti  of  ao  epithelium  and  of  a  loose  ooDnectivo  liwtic,  wfaioh 
aboTe  and  below  i»  ihickeit,  and  includes  here  a  pli-xua  of  large 
Tcascl*,  arteries,  and  veins,  exieiuling  chietl|  in  a  lonf^ituiiioal 
direction,  i.  e.  parallel  with  tbe  tube. 

The  follovtDg  arc  the  OH-wurctiM-nts  of  the  aoceworr  organ, 
Ibo  epithelium  only  being  hero  considered  na  the  vail  of  the 
labc: — .\l  a  place  exactly  eorrt-apondiiig  \o  thai  in  fig.  1,  the 
tube  being  mitcb  eompre««ed  from  lide  to  side,  I  lind  the  breadth, 
t>.  Ibe  tiaurene  diameter  of  th«  tube  from  side  to  lide^luuien 
and  cpbbelium  of  both  sides — amoDOts  to  0*14-1^  mm.,  while  the 
kddit  of  tbe  tube,  i,e.  tbe  traoaverfe  diameter  across  the  njiper 
aod  lower  vail,  it  ii'63  mm. 

At  inotber  place,  further  backward,  where  (he  tnbeappean  of 
lirgn*  sue,  and  with  a  much  lai^r  lumen,  the  breadth  of  the 
tabic  (lomeo  and  epithcUum  of  both  sides)  is  O'rtl^  mm.,  while 
the  M^fat  is  I'OG  mm.,  tbe  tiaiuvtiae  diameter  of  tbe  lumea 
bc^C  O'SS  torn. 

Toe  epitbdium  lining  the  tube  i*  atrttificd  columnar  epitho* 
Ihnn,  whose  Ihickiio*  ti  somewtut  greater  in  the  median  wall, 
i. «.  the  wall  nearer  the  nasal  aeptum,  than  in  Ihc  lateral  wall. 
In  the  apper  and  lower  sulcus  it  is  slightlv  thicker  than  at  the 
sides.  At  a  place  idetiticat  to  that  reprcKnted  in  fii;.  1  tlie 
thicknns  of  the  epithelium  of  the  median  wall  is  0079  mm., 
that  of  tbe  lateral  wall  0'058  mm.  At  n  place  farlbet  in  front, 
i.e.  where  the  tube  api)ears  larger,  the  thickness  of  the  epithe- 
Uom  of  the  median  wall  is  005  mm.,  of  that  of  tbe  lateral  wall 
0-04  mm. 

The  cpithelinm  lining  the  lumen  is  the  most  conspicuous,  and 
at  the  same  time  the  thickest  part  of  the  wall.  On  it*  inner 
sax£Ke,  i.  e.  the  one  facing  tlie  Inmeti,  there  exists  a  well 
Burlced  cuticle,  similar  to  that  mentioned  in  tbe  organ  of  Jacob- 
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■on.  Th«  tnitlielium  consists  of  a  superficial  layrr  of  to 
ei>it1wtiBl  cellti.  About  0-\}Ai  mm.  long,  each  wiili  sn 
nuclcos;  their  free  b»i>,  which  \»  on  the  surface,  ai>peara  cove 
in  some  places  with  Rue  cilia,  aiioilar  to  tboM  described  ab 
of  the  Utenl  wall  of  the  organ  of  Jaoobson.  Both  in  the  la 
and  median  wall  1  have  aeeu  in  K>me  {rfaicea  indic4tton<  of  fine 
cilia  Btill  connected  witli  the  surface  of  the  epithelial  cell*,  while 
in  otiicn  tbi-rc  were  no  cilia  in  connection  vitb  the  cell  baaea, 
but  there  were  minute  rods  and  dtia-likc  bodies  near  the  rarface 
nf  the  cells  held  together  by  a  mucom  coagulum.  From  thi*  tt 
appears  probnUc  tuat  the  ciltn  have  btvome  detached  from 
surface  of  the  cells.  In  some  place*  a  great  many  of  the  epit  _^ 
lial  cells  are  converted  into  goblet  cells,  with  or  witliout  oincss 
in  tlieir  interior. 

Avaj  from  the  sorfacc  the  cells  arc  drawu  out  into  a  i 
or  branched  fine  process.  Betwwn  thttc  are  ]Micked-in  spind^ 
aliap«d  cells,  each  vith  a  spherical  or  slightly  oval  nucleus. 
Mime  places,  especially  in  the  median  wall,  ibese  spiad)e-sk 
cells  are  very  conspicuous,  there  b«jng  a  considerable  amc 
cf  protoplasm  around  the  nucleus,  but  in  other  pUcea 
appear  very  minute.  UndcTnenth  these  cells  and  forming 
inner  or  lower  boundary'  of  the  epithelium  is  a  stratum  coi 
]>oaed  of  one  or  two,  or  in  some  places  of  the  median  wi 
even  throe,  layers  of  small  spherical  or  oral  nuclei,  doaeJy  pi 
aide  by  aide ;  to  cadi  nucleus  belongs  a  very  narrow  lane 
protoplasm,  hence  the  nuclri  form  in  this  stratum  the  most  pr  _ 
minent  part.  They  are  more  dwply  sisiued  than  the  imcki  of  thp 
oihcr  ocUa.  Tbeir  cell  prolojiliiiin  is  of  a  polyhedral  or  coiinl 
or  angular  shape,  but  is  always  inooniidcrable. 

In  Mmc  places  of  the  upper  and  lower  sulcus  the  apindle* 
•haped  cell*  are  much  more  numerous  than  the  otbn  celU,  and 
hence  the  appearance  is  prodaoed  not  unlike  that  of  tlic  sensory 
epithelium  of  tlio  organ  of  Jacobwo. 

BraDcbed  tncuuie  arv  E«en  extending  from  the  itubepitki: 
membtane  into  the  epithelium  itself,  wnero  line  unaliculi  | 
from  the  lacunie  between  the  individual  epithelial  cells,  f .  g. 
the  intcntitial  oeraeot  subjtoiice.    "Iticse  tacunee  and  thHr 
licoli  are  beat  seea  in  oblirjue  orboriKonlal  si^ctions  ilinmch 
epithelium  of  the  tube,  and  titey  corrRt^xind  In  i'<    '  r  .1 

licular  system  known  of  the  cpitneliuai  ofulher  n 

One  of  the  most  siribini;  &pj>earana'a  i«  the  preBi-iicc.  m  abuut 
the  middle  of  tfcr  n'it^'"li'Tm,  r-f  spherical  or  oval  cavities;  c*i* 
ofthem  appears  i  ..  ntly  raiinraK-t),  frura  ihr  c^ 

thelinUfll.1''      ^  ■■■  '.  n,..,, .  1. 

of  as  an  inl. 

0"014,thelan{raiiniuiii  "u.'j  m  ULimtti/.     Itcy  occur  uiai 
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lajer  only,  both  in  the  lateral  ud  mediao  walU ;  but  loireids  the 
nppcr  and  lover  sulcus  their  noinber  is  much  dimhiiihi-H.  In 
tliow  part»  whcrt  the  tube  is  Iwgcr;  ff.y.  in  the  front  part,  thp 
number  of  ihcse  reaicles  is  greater  tluii  where  the  tube  is  smaller. 
Where  the/  are  moat  numerous  they  are  sitoatnl  so  closely 
thai  they  arc  Bcparated  from  one  aDOtber  by  epithelial  masses, 
wtuwc  breadth  is  uot  much  ercali-r  Uian  that  of  themselves,  i.  e. 
the  vencles:.  Tlie  dumc  of  tDwe  vesitles,  i.  e.  iho  surface  uwircst 
the  luuenof  the  tube,  is  covered  nith  the  columnar  supurlicial 
epithelial  eelU  only ;  they  are  here  less  of  a  conical  but  nioie 
of  a  cylindrical  »hape,  and  ibortt-r  than  the  cells  of  other  ptsces. 
Above  the  middle  of  the  dome  tlie  epithelial  cells  nre  reduccil 
to  aboot  O-Ole  mm.  in  length,  i.t.  half  the  length  of  the 
conieat  crils  of  other  places. 

Each  of  tliese  vrsiciM  is  conocct«-d  with  the  internal  lumen 
of  the  tube  by  sereral  minute  canuls  exleiiiliug  between  llii- 
eoitbeUal  cells  forming  the  doute  up  to  the  free  surface,  ^^'ith 
toe  subepithelial  membrane  the  vesicle  is  connected  by  a  ver- 
tical or  slightly  oblique  chanucl.  Tliis  latter  is  much  Inrger 
tban  the  ones  leading  into  tlie  iuacr  carity,  and  niiiy  be  appro- 
priately spoken  off  aa  at  the  neck.  Its  breadth  is  measurable ; 
tt  amounts  to  UOOo  mm.,  while  its  lenglh  is  about  0'U2  mm. 
The  deep  stratum  of  small  epilbcliid  c<>U»,  described  above,  is 
partly  invaginatcd  by  the  imssage  through  it,  of  llie  neek 
of  the  vesicle,  tlte  small  cell*  not  reaching  further  tban  the 
point  of  connection  of  the  neck  vilh  the  vesicle.  The  neck, 
together  with  the  vnidc,  resembles  a  Hask-shnped  organ  j  the 
former  contains,  and  is,  in  fact,  GHed  with  u  cord-like  continua- 
tion of  the  subepilhdial  membrane,  and  it  consists  of  n  li»»ue, 
in  which  occasionally  a  capillary  blood-vessel,  a  few  spindle- 
efaaped  looking;  cells,  or  a  nerve-fibre  can  be  recognised.  This 
tisaoc  is  contiuucd  into  tbe  vesicle,  but  611s  oiiiy  a  stiiall  part  of 
the  cavity  of  this  latter.  In  some  rare  instances  I  have  seen 
two  TGsiclea  connected  by  a  horizontal  broad  channel.  Tbe 
fcncles  and  tbeir  neck  could  be  compared  with  the  papilltc  of 
(rtlicr  racmbranea,  but  this  compflriton  Hould  uut  be  quite 
comet,  inatniucii  as  in  an  ordinary  papilla,  the  epithelium,  as 
a  whole,  is  inflected  over  this  latter,  whereas  in  our  present 
instantt  the  dask-sbaped  vesicle  penetrates,  as  it  were,  into  the 
layer  of  the  epitbclium. 

The  case  of  tlw  penetration  of  capillary  blood-vessels  and 
pigmented  evils  into  the  epithelium  of  that  portion  of  the  liga- 
mentumfpir^le,  known  as  (be  slri.ivucuhiriBm  the coL-lilca,  could 
be  perhaps  mi^re  appropriately  iiddu'xil,  and  is  in  ii  riftniii  sense 
ainular  to  our  own  cute.     .\  penetration  of  capillary  bluod-veasela 
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into  the  epitlieliuiu  hu  been  deacribed  hj  pFofe^sor  Lanleat«i*  1 
the  inleguoient  of  the  metiiciual  leech. 

Oatsidc  the  epithelium  is  a  fibrous  oo*t,  vhoee  tlikkness  ] 
the  latoal  and  median  wall  a  about  the  same,  O'Os — O'Otl  mm. 
Il  contain*  minute  nerre-bunJlvs,  and  aapillories  are  fnund  unlj 
imiae^atclf  underneath  the  epitlielium.  In  the  laCitral  nail 
there  are  several  art«rial  resscU  rtmning  loi^udinall)-  -,  when 
the  organ  is  in  contact  vilh  the  bone  ^ee  o^.  1),  the  fibruaa 
coat  is  in  inUmate  conuectiou  wilh  the  penosteum.  In  the 
lovci  i)«rl  of  the  median  wall,  i.e.  the  one  id  cuducI  with  the 
mucous  membrane  of  the  descending  inner  surface  of  the  ctrndti 
(see  Sg.  1),  the  mucous  membrane  u  mot«  orlecsdittiuctljr  i^fi^ 
tiatcd  with  Ifrnph-cdU  similar  to  that  vf  the  concha.  At  ihc 
upper  and  lower  sulcus  the  tissue  a  vtrj  loose,  and  ooutni 
mentioned  previously,  lai^  hlood-vesach  running  in  a  1> :  - 
dinal  direction;  the  diameter  of  the  lai^H  vessels  hire  is  ultuul 
0*13  mm.  Numerous  elastic  fibrils,  cxtcndLug  loogiludinallj 
and  coniicdcd  into  a  network  aud  flilti-ned  connoctivc-liatne 
cells,  each  vilh  uii  oval  nucleus  m  well  aa  a  fdw  minute 
branches,  arc  also  to  He  met  with  here. 


lit. 


The  mucous  membrane  coveriitg  the  cartilaginous  teftaa 
and   lijiitig   the   furrow    betwf«a  the  septom  and  the  aJrvokr 

Srocess  of  the  superior  maxilla  iu  the  rcciou  of  the  oi^ao  bf 
acobson  has  the  foUo'^inK  slroclurc : — Bolu  auriac««  of  the  cai^ 
(ilaginous septum  are  lined  with  nn  rpilhi^lJum  of  exuctl)-  thoaamc 
nature  as  lliat  deAcnU-d  above  z»  liuing  the  lalcnl  wall  of  ihc 
organ  of  Jacobwn,  m.  stratified  columnar  cpithc-tium,  of  which 
the  most  sujicrScial  cells  are  conical  and  posE«Baed  of  cilia. 
Ooblct  cells  occur  also  here. 

The  Ihickueaa  of  the  whole  epitlielium  is  about  0*Uii8— 0-07 
mm.,  the  length  of  the  ciliu  0000  mm. 

I'he  mncous  mcmbruue  immcdiatelv  underneath  the  epitlKliuin 
is  fibrooB  connectiTe  tissue,  infiltrated  in  maiij'  places  with  lymjtb- 
corpusclea.  A  network  of  venous  vcmcIs  iu  toe  mucous  mem- 
brane forms  a  verjr  C(Hispicaou«  fmlurc 

The  mucous  membrane  of  the  f>eptum  is  thickcnel  at  thm 
definite  places,  owing  to  the  prcaenec  at  glands;  theae  placu 
are ;  a,  where  the  aeptum  joins  the  dorsum  of  the  t  '  ' 
about  the  middh:  height  of  the  septum;  and  c,  at 
where  the  tbick  ro:i-  '-  '  '  ■--  ■  r  ■  -  r,f  the  cnr"'- 
Kplum  is  fiii-d  on  :  I'l  itf  Jill' 

Phitr  VII,  ''  '  ■  m;  iiJici:3  ii;e  1  ■-ii!"ji:.       \ 

ulaoetbetl''  i  is  greater  Ih-i.  ^^cl'uJ,  i.itJ 

>  Ikia  Joiunal,  Ho.  ;V,  Kcw  Eknta,  p.  303. 
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greater  than  tt  the  fint.  The  ifaicknegaes  of  the  mucous  Bwm- 
bnae  of  the  three  places  in  the  prapantion  from  which  fig.  I 
is  takan  are  OSa,  0-29,  0-36  mm. 

He  glsndt  arc  Mruus  uliiiti]» ;  there  ar«  no  other  gUnds  here. 
Tbor  *truclur<:  is  identical  with  that  deacribnl  above  of  the  lateral 
vmll  of  the  organ  of  Jacobsoo.  The  alveoti  are  tubes,  wavy  and 
conTolut^,  some  tnor«  braoched  than  others ;  their  transverse 
diameter  is  aboat  002  to  0-036  mm.;  their  lumen  is  rery 
minute,  and  they  are  lined  with  a  single  layer  of  columnar  or 
pvlUiedra!,  granular-looking  cells,  tha  nucleus  of  which  is 
situated  in  the  outer  part  of  the  cell. 

The  ducts  at«  ideuttcal  with  the  intralabular  ducts  in  the 
alirsry  glauds,  i.  e.  Pdiwer's  salivary  tubc«;  their  ejiithclium  is 
a  aia^e  uyer  of  beant^uT  columnar  cells,  who.te  outer  portion  is 
coospicnoosly  loaffitudiually  sthatcd ;  their  nucleus  is  spherical, 
and  eontaiocd  in  about  the  middle  of  the  cell. 

Tbclunu-Q  raries  between  0-0135  and  0019,  the  whole  dia- 
meter oftlie  duct,  including  the  entire  epithelial  wull,  being 
between  0*04  and  0  05  mm. 

Tt«  cartibge  of  the  septum  is  hyaline,  but  the  cartilage  c«IU 
show  this  peculiarity,  tbst  in  maoy  phtces  they  contain  minute 
bt-j^ohules.  In  »ome  places  they  are  quite  filled  with  them, 
and  in  upecitoctu  tlial  have  bt-eo  preiMTed  with  osmic  acid  tho 
Gartilage  oella  appear  then  GlleJ  with  black  spherules.  Vi'hen 
diasolvii^  away  the  fat-globuica  the  honeycouWd  reticulated  cell 
attbatance  becomes  Tery  evident,  and  is  ideutical  in  appearance 
widi  that  presented  by  the  epithdiul  cells  of  the  alveoli  of  the 
aebaccous  and  ileibomiaQ  glands. 

The  groove  between  tbe  septum  and  the  alveolar  process  of 
tlic  superior  auxilla  is  lined  with  a  thin  mncooa  memhraae,  the 
tree  surface  of  which  is  covered  with  the  same  ciliated  columnar 
(stnUficd)  epithelium  as  tbc  septum. 

Small  KroDp^  of  alveoli  of  serous  glands  are  found  in  very  few 
pUcts.  The  tissue  of  the  mucous  membrane  is  infiltrated  with 
lympb-corpuscles ;  in  the  outer  wall  of  the  grooTe,  i.  t.  on  the 
alveolar  proceee  of  Ibe  superior  maiilla,  these  inGltralions  amount 
occftaonally  to  a  distinct  lymph-follicle  (see  fig,  1, 13).  The  ade- 
noid tissue  of  the  lymph-follicie  penetrates  into  the  epithelium  of 
t^  inrfice,  in  the  same  way  as  is  seen  in  the  summits  of  the 
lympb-foUiclea  of  the  Pcytrs  glands  and  on  the  tonsils.  I 
measured  one  such  follicle,  oval  in  shape ;  its  long  diameter  is 
about  0-28  mm.,  its  short  diameter  0-16  mm.  The  follicle  lies 
chise  to  the  epithelium ;  this  latter  is  here  much  infiltrated  « ith 
■denoid  tissue,  but,  on  the  whole,  thinner  by  about  one  fourth 
than  the  ciliated  epithelium  of  the  oeighbouiliood. 
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11i«  mucous  mcmbnjtc  corerin^  tbe  concha  or  lurbinal  bone 
diffcn  in  rtnicturc  from  the  one  liiUicito  dcscribnl  in  tbe  foUo«- 
tog  points  : — A*  is  xltuwii  in  fig.  I  brgiuuii;g  from  a,  m.  imm^ 
tti*t«I^  after  passing  tlie  region  of  the  acetasorj  of  Jaoo): 
organ,  the  mncoos  membran«  t>  a  whole  becomes  lliiclc«r, ' 
to  thdr  being  contained  in  it  a  continuous  layer  of  serous 
glanda.  It«  lbiickues)i  diameter  amounts  here  to  about  iii& 
mm.  But  the  epilhetiiira  beconiea  thinner  {Mt  at  a,  in  lig.  I), 
being  now  composed  of  a  euperlictal  layer  of  short  columnar 
celis  nithuut  ciliB,  nnd  a  single  deep  layer  of  small  polyhedral  or 
conical  cells.  From  o  to  (,  in  fig.  I,  the  epithelium  retains  (he 
cbaracUr  ju»t  cl««nb(vl ;  its  ihickons  is  between  about  0-016 
and  00:24  as  against  0-056,  the  thickness  or  tbe  s4nili6ed 
columnar  ciliated  epithelium  downwards  from  a.  Id  the  prnuira- 
lioii  from  which  iig.  1  was  taken  the  tpithchum  altered  its 
cluiraeter  at  i ;  from  here  orer  c  to  d,  tbe  epithelium  is  stratified 

Svement  epithelium,  consisting  of  a  superficial  stratum  oomctUB 
c  that  of  (he  epidermis,  and  a  deep  atntum  Ualpighii,  coii- 
siating  of  two  or  ihrra  Iaycr«  of  polyncdral  oeUs.  Indications 
of  minute  papillir  arv  met  witli  here.  The  whole  tliicknen  of 
this  stratified  pavement  epithelium  is  between  0-Oltt  ^nd  0-021; 
the  Buperficial  stratum  comeum  is  about  OOOit  mm,  thick. 
Wlier«  the  stratified  columnar  epithelium  joina  Ike  stratified 
parepwDt  epithelium  it  is  seen  that,  ju»(  as  iu  other  airaibr 
regions,  tiw  superficial  celts  of  the  former  beoomr  suddmly 
elwrtcr  and  ar«  continued  on  the  psTement  epithelium  u  the 
superficial  layer  of  scales. 

But  not  in  all  places  does  the  stntifled  pavenunt  epitlicljan 
commcotce  at  i ;  in  some  places  the  coluinnar  nonniiUated  epi 
thelium  may  be  followed  up  to  c,  being,  however,  in  one  or  twi 
pUces  interrupted  by  short  islands  of  stratified  pavement  cpitbe- 
fioni ;  beyond  c,  i.  e.  up  to  d,  the  epithelium  is  always  stratified 
pavement  epiUu'lium. 

Kear  the  ppilhelium  the  tissue  of  the  mucous  membrane  con 
tains  n  plexus  of  large  vcius.  chieilr  running  longitudinally, 
tile  membrnnois  iu  mniiy  plncvs  infiltrated  with  lym]ili-c>irpu.'<ck 
The  thickness  of  the  mucous  membrane  at  about  h  and  c  varie 
betweeo  014  and  O'lS  mm.;  belweui  c  and  4\\»  tliickuesa 
0'14  to  0*3  nun.     From  a  to  i/ the  mucous  mein'ir'  '.' 

a  continuous  lavcr  of  serous  glands ;  tbey  are  hei 
generally  braticheil  and  more  i^r 
also  very  wavy,  uml  it  pawt-.*  in  \- 
direction  txwartlt  lUc  surfiu 
into  whtuh  tht  aotfaco  epiiL. ._:  _  
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Where  there  »  oo  the  surface  stratifinl  jMTemetit  epU 
tbelittni,  the  rtratum  conirum  shove  mcnlioncd  »  alao  coiiliriut^ct 
for  «  fhort  distance  into  thr  iluct,  its  I  hnrr  tnmtioncd  in  my 
paper  in  the  (>ctol>et  numhcr  of  lhi»  Jnunial,  1880. 

Tbe  ducts  poKiesR  a  relati?eij  large  lumen,  and  are  linocl  with 
a  aiagle  lajer  of  columnar  cells,  whose  outer  part  is  TCf^  e»ni>{)i- 
caottMjr  striated,  and  whose  nnclcus  is  ephcrical,  and  situated  iti 
■bout  the  tDtddle  of  the  cell ;  tlu-y  n-H;iii!)!(-,  tlicirforc,  coui- 
plctetf  tlie  MliraTT  tul>e«  of  PfliJ^er,  ITie  iljanivler  of  llic 
diuia  raries  between  0'04S  and  O'OC  mm.,  the  iuoien  bring 
between  U'012  and  UOH  mm.  The  structure  and  am  of  the 
alnoU  are  in  all  respects  identical  to  those  described  above  of 
the  avcoli  of  the  serouv  glandf  of  the  otiHT  parts. 

In  some  |>laees  Die  layer  of  theae  aeroiu  glands  it  much 
thicker  thtm  iti  others;  in  such  c*sea  then  are  oundlcs  of  un- 
atnpcd  BDsde  celts  to  be  traced  between  the  alveoli,  forming  in 
•ome  places  a  plexus,  and  acting  then  ax  the  mnlrix  of  llir  jjland 
alveoh.  Tbe  large  veins,  uenlioni-d  abnvr,  uppcnr  in  rliis  rase 
also  embedded  io  a  ti**ue  containing  unt>trii>ed  muscular  tisisue, 
and  bcnce  tbe  appearaocea  are  produced  not  unlike  those  of  a 
eavernooa  tissue  (see  mj  paper  in  this  Journal,  October,  ISSO), 
I  have  given  an  illustration  of  these  relations  iu  the  '  Athis  of 
Hifttolugj,'  plate  xlvi,  fig.  20. 


VOL.  XXL — ntir  aiK. 


114 


OR.   X.   KLBIM. 


BiSTOLOoiou,  Notes.  By  £,  Kxaxv,  H.D.,  V.R^.,  Lectnret 
on  HtstolDgy  and  Kmbrrology  iq  the  Medical  i>choul  uf 
SU  Bartholomew'a  Uospita). 

DisSBCriNO  the  ulivarr  gUnds  of  the  gainea-pig  T  noticed 
varioiu  points  in  their  amm^cmcnt  atid  structure  which  I  do 
not  think  have  IxHrn  obscivcd  bj  others,  and  therefore  deserve  to 
he  describe*!.  _ 

Removiui;  the  ikin  of  the   facial   and  cervical   rrgioti*  Ul^H 
uJtfaiT  glands  present  themsekes  in  the  following  arraugcnwtntni 

1.  The  parotid  occupies  the  position  u  in  the  rabbit,  lii^ 
cat,  and  otlicr  mammals :  it  is  very  flat,  its  lobules  loosely  coo- 
occtcd  and  ecnttcrrd  over  a  coosiderahk  area.  Iln  colour  and 
stracture  is  th«  tame  as  in  other  mammals.  The  lower  part  of 
the  parotid,  i.e.  in  the  region  of  the  angle  of  the  iuferior 
maxilla,  but  not  specially  marked  off  from  th«  resi  of  the  gland, 
is  much  thicker,  and  exteuds  as  a  compact  body,  of  aboMt 
15 — 20  mm.  in  Icngtli  and  10  mm.  in  breadth,  in  a  tranavem 
direction. 

Filed  to  tli«  posterior  margin  of  thU  oblong  tlitckmed 
poTtiun,  but  surrounded  by  its  own  connective- tiuue  capsule, 
is  a  small,  oval,  and  somewhat  flattened,  whitish -looking  nody. 
Its  length  is  about  S  mm.  it»  breadth  5  mm.  and  its  thicknew 
betwMO  S  and  !t  mm.  It«  Mruclure  is  identical  with  ihat  of 
Ui«  aubmaxUUry  of  the  dog,  that  ia,  it  is  a  macoux  gland.  Th« 
intralobular  ducts  are,  like  the  salivary  tubes  of  Pfliiger,  lined 
with  columnar  rpilhclial  cells,  whose  out«r  portion  is  cons|iicii> 
ooaly  fibrillur.  llic  alveoli  are  branched  and  convoluted  tubes, 
tbeir  relatively  small  luni«fl  is  lined  with  a  single  layer  of 
columnar  mucou!>  celU  of  the  ordinary  deKcription.  There  ia, 
however,  this  distinction  between  the  glamt  under  coiividcra* 
tion  and  the  submaiilliry  of  (he  dog,  that  there  are  no  ore»- 
cents  in  lh«  alvpoli  of  (ho  former.  I  have  carefully  seardied 
for  them  but  failed  to  Bnd  them. 

In  a  gland  in  which  the  dncts  apjwar  filled  with  a  granular 
accretion  the  mucous  celts  of  tlie  alveoli  tliow  more  or  less 
distinctly  two  zones,  an  outer  and  an  inner  xone,  the  lattcj-  more 
tran«piUrnt  tlinti  the  fonurr.  In  a  former  papt-r  (this  Jouriial, 
April,  ISTO;  1  have  called  att«ntiou  to  a  eimilar  differentia- 
tion in  tJie  mocotts  cells  lining  the  alteuli  of  ibe  •uhouuilUrjr 
of  the  d(w. 

The  cflmnt  duct  lies  on  the  side  n«st  the  pamtU,  whose 
lanit  ducts  it  joins. 

Claude  Beruord  saw  wcnsiotially  amnlt  mncous  glaiKla  ooii- 
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Brdcd  with  the  duet  of  the  parotid  of  the  doff.  Hndcaha  n 
('ilmunn's  Hanilhudi  <1.  PhjMuIiiew,' T  Bud,  p.  S5)  mj* 
tl;ai  m  tlie  parotjil  glmifl  (of  the  aog)  be  met  nth  atreoK 
liia)  with  mucous  trila,  bol,  he  add*,  thu  oonneaoe  b  not  I 
bmaeal. 

z.  i*ustDg  from  the  paatid  tloag  the  iaas  aide  of  tke  i 
jaw  wr  mrrl  vHh  a  Urgv  Kisnd,  of  a  fait  ratj  tohar,  "i—j^i, 
ovil,  or  nUtiiv  [var-sha^et^  uitl  boldin);  the  pontioa  «f  tW  nb- 
DnulUiT  gUnd  uf  other  mtmmala.  u>  kttglh  u  15 — 20  bbu. 
ita  btsMitb  in  the  part  nmot  the  parotid  is  BDcb  gmUr  tbia 
thai  of  the  other  end,  in  the  (bnner  being  aboat  lt>  mm.,  in  tbe 
httcr  aboat  fi  mm.,  its  thioknan  b  aboot  a  mm.  Now,  tb« 
ilnutare  of  this  gland  mincidea  wilher  with  that  af  tbe  parolad.' 
•f  this  or  other  asiinals,  nor  with  thai  of  tbe  salmKziUarf 
gbnd  of  other  niamronl^,  for  it  t>  idoUkal  with  tbat  of  the 
paDCma. 

BoU  ('Anlmr  I  llikr.  Antt.'  Bnd  t\  iaaibct  the  ■abMxflhij 
^mi  at  tha  iniata-pig  u  a  miud  glu^  •-  r.,  iu  iJvaaG  an  ■  aoae 
|iaen  Sairi  wilb  bkccm*  edb,  ta  ouen  wiiii  prntophaaie  edb  like 
ik^u  of  the  tanitid.  tavilonk;  (>  AtcIut  t  Uifcr.  AlaL.*  Biad  nii,  p. 
iU,\  dcsie*  Ub,  bol  ii«lJi«r  bcra  dm  <M  Ike  hlpwt^  nap  (2Sn,  oa 
«kxk  he  fiita  a  utwW  ol»Mliaitifiii  of  th«  vana«»  wrttrag  ^aidi  oT 
en  «ad  gBaamala,  dun  h*  p;  cf  «lat  aetum  IW  mimmalmj  of  the 

Tbe  alvK^  are  branched  and  convolnted  tabea  ^win^  neat 
istquahtj  ia  size ;  their  ray  minute  lomen  ia  lined  wiib  a 
BDj^  Uier  uf  colmmar  or  pyramidal  cells,  ia  each  of  whwh, 
Jul  a>  to  tbe  paucicas,  can  be  distiBumshed  an  outer  asd  an 
nmer  zone ;  the  former  conlaios  the  fpoerical  nucleiu,  and  ataini 
well  in  bKuatoxjIin  and  tannine,  while  the  laltrrhxJLs  nstintar 
and  tranaparc nt,  and  does  Dot  •tain.  The  fonncr,  i.  e.  tbe  onter 
jwt,  cuutais*  rod-like  stnctorea,  which  in  some  ceiU  arc  jen 
mcfa  coarwr  than  is  olhera.  lliESe  rods  an  amnged  loogi- 
tsdmaUj,  and  are  dii>Itnct  odI;  near  the  membrana  propiia.  I 
do  not  Qod,  huvcrtr,  the  CitilrouciDar  cells  of  LaDgeriiao* .  The 
itnicture  of  the  intralohular  ducts  is  the  aame  aa  in  the  sab 
oaaiUafv  fflanil. 

It  will  be  of  rnat  uiterest  to  ioiiitiic  wbetber  the  secretion 
uf  (his  gland  i>  sunilar  to  that  of  the  nuierca*. 

Close  to  the  outa  capsule  uf  the  eUnd  is  fonid  oocasionatlj 

■  oDjiatc  oval  Ivmph'follicle,  cnnbeatDed  in  its  own  connective- 

tissne  ca{Mulc ;  its  luii^  diameter  a  about  0*6  mm.,  its  breadth 

„  lo   ^  -.      ']^  iur(st«  af  the  Ivrnph-foUicle  is  not  aatoaUi, 

bed' in  at  two  or  three  plaocs. 

AiUiiucd  to  the  ^iislenar,  ui  ralber  inner  margin  uf  tbe  sub- 
naxillar;  gland,  but  coolaiotd  within  its  own  coBoectiye-ti— e 


116 


HB.    B.    KtBIH. 


npmle,  i*  an  oral  vhititb  ^Uiid>  io  siu,  aspect,  anil  straclan 
perfectlj*  identical  with  the  gland  mcntionMl  aborc  in  coDDretion 
with  tlw  parotid ;  and  it  ia  thia  gland  which  has  been  noticed  by 
Bermann  ('DisMTtat.'Wiinburg,'  \i7S)  as  the  tubalnr  (mucou) 
gland  ill  connection  with  the  tubmaxilhiry  gUiiil  of  tli«  guino- 
pig,  rabbit,  and  other  mammab. 

I  propose  to  call  thfsc  two  glaoda,  tit.  connected  with  the 

S.rotid  and  tltc  nibmanillarj,  a*  the  a4maxilUry  eUntb,  and  to 
■tingui^h  the  fonoer,  i.e.  the  one  eonntcu-d  wiui  ihtt  |ia:rolid, 
Bs  the  up])er  or  superior,  the  Utter,  i.e.  the  one  cauneoled  with 
the  rabniaiiUary  gland,  as  the  lower  or  inferior  admAiillar; 
gtand.  As  a  rule,  I  find  the  inferior  gland  in  the  poBitioB 
mentioned  above ;'  in  one  instance  (that  of  on  animal  Ihrrs  to 
four  w«ka  old),  it  va»  found  on  one  side  more  or  Ic**  burird 
Ixtween  the  lobes  of  Ute  subBtaxillary,  and  un  the  uthrr  siilc 
it  could  not  be  detected  on  the  outer  enrface  at  all. 

Measuring  the  diameter  of  the  alveoli  in  arttious  throu?!'  'l^ 
noting  glands  of  the  ame  auiinal,  hutienn!  in  s)itrit  and 
in  carmine,  I  find  the  traiuvcr^e  diautelcr  of  lie  ulreolj  m  (<»<- 
puotid  oboul  0'027  min.  and  )&■<«;  ibnt  uf  the  ahrroli  of 
Uie  admaxillarj  glands  about  0*1)34  and  more ;  and  of  the  »ub- 
nuixillaiy  giand  about  0-04  mm. 

Iklcasimng  the  cells  lining  the  alveoli  of  the  same  tlmo 
dtlTercut  gUndc  jiut  mentioned,  1  find  Ihc  following  to  be  the 
mean  fixes: 

II.  la  the  parotid,  the  cj'lindrieal  cells  are  O-OIO  mm.  ui 
length,  0007  in  brcMltb;  the  pmmidol  cells  O'OIO  in  Icnglh, 
OOOU  in  breadth  nest  the  membraua  propna^  0  UttSU  next  tlw 
lamcn. 

b.  In  the  admaxillary  glands,  the  cUimlricul  rclls  arr 
mm.  in  length,  D'Ul  in  breadth ;  the  pyramidal  ceils  0 
length,  0  Oi:}tl  in  breadth  next  the  mcmbrani  propria,  Out) 
(I  0054  next  ibo  lumen. 

c  In  the  suhiuasillary  gland,  the  cjUndrical  ccIU  are  0-0|l 
nm.  in  leaglli,  0009  in  brcwllh;  the'' 
length, 0007  in  brcadlb  next  the  uk^iu 
the  lufficn. 

'A.  Attachnl  Io  llic  front  part  nf  the  aabmaxnUrr  gland,  vai 
parllf  covering  it,  and  often  eslcndiog  close  to  the  pomtid,  is  an 
oral  whitish  l>odv ;  this  is  the  tlijmiis  gland.  As  is  well  kiiovtl, 
the  {cuinea'fiig  doa  not  |UM»e»  b  IhtinKic  llirmue ;  but  the  gtaod 
that  1  "d  juet  BOW  as  situated  hi'  -"(.i! 

Bubmn  .    .tid  IS  fnuod  in  tJtv  yoM^  a.i  .11 

'  IW  pontim  at  Uici  |[l«ail  !■  nirt,  linwevar,  eaaslanl,  Ibr  ia  oeh 
iatlauM  1  Iminil  il  on  itae  aate  ta  Irani,  on  llw  oUicr  at  the  iaaKr  maf|[io 
0/  iht  utbmuAi^rj. 
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i.     In  both  itufanert  U*  tirac/are  i*  lie  tame,     la  Iho 

Itdnll  its  l<-ti{cth  b  about  1 1  mm.,  iu  brMdth  about  7  miu.,  and 

tiiiciEitess  Detween  2  and  'i  nun.     The  vizr.  of  the  gland  does 

:  wj  madi  in  the  yoang  and  adult  animal,  and,  oKing  to  i(« 

'  o  and  lobnlaled  nature,  cannot  be  eaaiijr  diKtinguinlicd  on 

naked-eye  inspection  from  the  saliTaiy  gtands.     Ii«  »tructure 

itical  with  Uiil  of  the  thjniiw  of  other  animals,  and  like  this 

of  the  connectire  tiiwue  forming  tlic  capsule  and  the  pro- 

ioDs  of  thia  into  the  inleiior  as  se[)ta  between  the  lymph- 

lea.     TVsc  latter  arc  oblong,  conical,  cylindrical,  or  irre* 

polar  in  shape ;  Ihejr  ar«  of  wry  varioQf  sizes,  and  their  surEioe  \ 

u  athcr  snioolh :  single  follicle*,  or  thej  arc  lobed,  oving  to 

man  or  Icm  deep  furrows,  Tariable  in  number  (two,  three,  and 

mote  up  to  ten),  passing  into  the  interior  of  the  follicle:  com- 

pound    folliclea.     Where   these   furrows  extend  deep  into  the 

Bittrtor,  the  apporancc  is  produced  of  a  follicle  being  poBseascd 

of  a  number  of  secondary  follicles,  of  very  various  sizca  and 

ifaspes,  attd  ail  projecting  from  the  main  body  of  the  follicle.  This 

appearance  can  he  also  interpreted  by  saying  that  a  number  of 

foUiclea  have  become  morv  or  less  fused  togetner. 

As  n|;uds  the  mc  of  the  follicles,  it  is  difficult  to  make  exact 
neasorcounb,  owing  their  very  irregular  shape.  The  following 
naBurements  are  taken  from  a  rertical  section  through  the 
gland: 

One  of  the  very  large  compound  foUices:  length,  3*15  mm.; 
Ineadtb,  I'Ol. 

Another  large  follicle :  length,  S'92  ;  breadth  1-23  mm. 
I  A   very  small   follicle,    the   length,    1-01— l'23i   breadth, 

0-6ff  mm. 

bi  a  horizontal  leetion,  the  length  of  a  large  follicle  £'7,  the 

Ibradth  1-23  mm.;  of  a  small  one,  the  length  Q'^t,  breadth 
P'53  mm. 
As  rrgarda  the  stnicture,  the  follicles  completely  coincide 
vith  thoM  of  the  Ikyma*.  A.i  in  tlie.->e,  the  outer  part  of  the 
follicle  i.e.  Ibe  cortei  of  Watney,  both  in  the  single  follicles  as  well 
•E  in  the  »ec4)nilary  pMJections  of  the  compound  foUictea,  stains 
dev|)cr  than  the  central  part,  i.e.  the  medulla  of  Watucy,  which 
is  ooQ-traaaparcnt,  and  includes  fewer  small  lymph-corpusck's 
than  the  former;  the  mcdnlla  oontaius,  like  that  of  the  fullicles 
of  the  tbymo*  in  other  animals,  larger  cells,  with  one,  two,  or 
more  large  clear  nuclei,  such  as  have  been  known  previously, 
and  have  bten  more  minutely  investigated  by  Afanastiew  , 
(' Archiv  f.  Mikr.  Anatom.'  Band  liv),  and  Watney  ('  I'loceed- 
inga  of  the  Itoyal  Society,'  No.  IS7,  lH"H).  Also  the  concentric 
bodies  of  llatsall  are  found  in  the  follicles  of  the  thymus  in  the 
gninca-ptg.     Thvii  strsciuie  is  the  same  as  of  those  described 


^f 

^^~^^^^^^^^^^^^^^^^^^^^^^^^M 

^H            liy  AfaRSMKir  ('  Arcltiv  f.  Mikr.  Aoal.,'  Band  xiv,  -Inl   pufl^l 
^H            Setnag  that  thc«e  concentric  bodk-s  occur  in  all  the  kIuuI*  oP 
^H            adalt  anitnaU  that  I  have  examined,  and  iccing  that  tne  itmo- 
^H            tgre  of  the  fotltcki  remains  the  »aitie,  i.«.  thrir  lis;>ue  don  DQt 
^H            und«r^  the  tattv  and  eonnectiTe-liwuc  degeDeralion  tlul  alwaja 
^H            ocean  iu  the  roUiclea  doring  the  involution  of  the  thymu*  gland 
^H            in   olhcr  animals,   it  fnlloim  (luit   Afanowieir's   view   of    the 
^H            dcgenezalion  of  the  follicles  being  cauM^d.  or  rather  initiated,  bjr 
^H            ihe  ooncentric  bodies  caniiut  be  vutained. 

1 
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0*  tie  IlOSA-CKLLULAR  DiGESTlON  nW  EKDODtRSl  0/*LlUN0CO- 

Dim.     B;  E.  Eir  Laskkstek,  M.A.,  F.  ItS.    With  i'Utca 
VUI,  IX,  X. 

No  observation  mad«  vithin  the  Ust  three  years  apj>e&rs  to 
■u  to  havB  Kfeater  importance  and  general  signiliconcc  for  tlie 
pnmaa  o/S  Biologjr  than  the  discovery  or  tbe  incejfiinn  of  solid 
food  particle*  bjr  ciiilodrrin  Ri>li«  in  the  Planarians  and  Nem&to- 
phoranx  C<c1«Bt«Ta,  by  Kli«!i  SlaschnikulT. 

The  iclnal  hislorT  of  tha  discovery  api>ean<  to  dntc  from  the 
observation*  of  I,i«berkuhn  onSpongilla('  Miiller'e  Arcfaiv,'  1S57). 
The  first  observer  to  sngftcst  the  existence  of  intra-ccllular 
d^Bstion  in  no  or^nUm  other  Ihao  one  of  the  Protozoa  or  of  the 
Birifcn,  «a»  Allnun,  who,  in  his  memoir  on  Myriothcla  ('  Philo- 
»>ph.Tr»iB«:t.,'»oi.  Ifio,  lS75,p.S52),dCTrrib«i  a  thin  lavcr  of 
prolopbum  as  occurring  on  the  frt^e  surface  of  the  endodcrm, 
aad  obaerves  that  "  lU  occurrence,  nith  ita  pseudopodial  ext«n- 
•iODs,  on  the  gastric  surface  of  the  animal,  is  full  of  interest,  and 
nggesta  a  doM  sfialoKT  between  the  absorptive  action  of  the 
gastric  surface  and  ameboid  reception  of  nutiiment." 

Ne\t    we  have    a   note   bj^    Mcl--u-'hnik(ifr   in   the  'Zootog. 
Anzeiger,'  1S7S,  p.  3h7,  in  which  the  iiicejittun  of  wlid  food 

C'cles  bjr  the  cells  hnins  tbe  aticncntary  caiiul  of  certain 
Brian*  is  described,  and  in  the  '  Zeitsch.  wim.  Zoologie,' 
lt)79,  p.  371,  th«  same  author  dcscnbcs  similar  observation* 
on  Sponges. 

Led  by  tbeae  observations  of  MctschnilolT,  Jeffery  Parker  came 
to  the  conclnsion  that  a  niniilar  mode  uf  digestion  obtains  in 
Hjrdra.  In  tis  pnjKr  on  the  Imtology  of  lli/drafiuica,  publifhcd 
in  the  ' ProciTiliiiK*  of  ihe  Itoyal  Sociel),*  iSSO,  and  in  this 
Joaraal,  April,  ISHO,  Parker  carefully  describes  the  ama^boid 
cbaracter  of  the  endoderm  cells  of  Hydra  as  seen  in  sections, 
tbe  extent  and  activity  of  their  moveuienUi  during  life  having 
bceo  previoosly  insnlBcientlT  rect^nised.  Dark- coloured  irregu- 
lar giannlea  of  various  sizes  are  foand  within  these  cells,  and 
mere  no4rd  by  Kh-inmbeni  to  »ary  in  number  with  the  stale  of 
nutrition  of  the  unimal.  Pajkcr  is  conviiKed  thai  these  bodies 
are  food  paHicles,  taken  into  the  protoploxiii  of  the  cells,  from 
tbe  partially  disintt^sted  bodies  of  the  Kntumo*traea  in  the 
digestive  cavity.  The  dcartst  oise  of  ingestion  of  eobd  imrticles 
otnerved  bv  Parker  was  when  a  diatom  was  seen  to  be  eom- 
pletely  em&nldcid  in  the  protoplasm  of  a  cell.  Parker  verj 
jadicioDsIy  observes  that  it  is  quite  possible  that  a  preliminary 
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di«intrfrntion  of  tlie  animaU  taken  in  is  pcrfonncd  hj  jnica 
lecretcS  by  the  cndodcrm  cell» ;  bat  tlic  Gnnl  digestion  H«tin  to 
take  pUce  in  the  sctual  prutoiiliixiD  of  tlic  cttU,  Jnlo  wliicli  Ibe 
food  particles  are  Ukni  in  ihe  »oUd  form.  He  diif-H  nui  Huggpsl 
hotr  Ui«  digested  materiat  is  distributed  to  (he  otbei  cells  of  (be 
Hydra. 

lisstly,  ve  hare  a  brief  rtiwm*  from  Melacbnikoff  tn  the 
'  Zoolog.  Anzeiscr/  No.  h%  May,  ISSO,  of  a  leiin  of  obwm- 
tions  on  Ibe  »uD]«ct  of  intn.cellular  liigestion,  carritxl  or  by  bim 
in  lilt:  spritiK  at  the  /ootogical  Station  at  Naples. 

MelitclmikolF  madf  use  of  carmitut  powder,  which  ho  obaprvcd 
to  penetrate  (he  cndodrnn  oi-lls  Jn  many  Uydroid  polyp  aod 
JlyaTomeduiw  (i'iomnlsria,  Tububria,  Eucopr,  Ocianin,  Ti^ra, 
I'raya,  Forvknlia,  Hi|ipa{>«dius,  Pelagia,  lli-roe  aniong  Clutu- 
phnni  aiid  Sagattia  and  AJpUsia  among  .Intlioxoa.)  In  tlie 
TrMhyraeduuB  Liriopt,  Qtrmarina,  Cuaina,  Metachoikoff  failed 
to  Mtabtieh  the  occurrcncx  of  inlra.crllular  digestion.  It  will 
be  obtefved  that  tlMs  nxrlbod  employed  by  Mi-l«cbniko(r  ia  not 
altogether  a  eoncluxive  one.  The  majority  of  forms  sludird  by 
hint,  Uke  the  Hydra  slndiei)  by  Parker,  an  o|iM)tii',  and,  taatt- 

Sueiitly,  it  was  not  poasible  to  watch  the  procuts  of  ingestion 
iiriog  life.  In  Pnfa,  liowever,  Metscbnikoff  studied  a  trami- 
parant  form,  and  was  able  to  obeerve  the  throwing  oat  of 
pseodopodia  by  the  cndodmn  cells,  and  their  (unon  into  a 
plasnodiutn.  Kvm  Ikfc,  howcvrr,  it  aecnis  thai  there  is  still 
room  for  (ioubt  as  to  whetlter  tlie  (iKeudt^KHlia  am  really  active 
in  digotion,  for  Metacbnikuif  only  apeakt  of  llieir  peiittralion 
bv  oannioe  particcs.  It  is  exceedingly  probatjle  that  when  hu 
DbwmUoiia  app(«r  at  gmter  length,  we  shall  find  that  tbcy 
include  the  fact  of  inceptioB  of  natural  fooal  uutrrtals,  such 
Algtv,  dixinlrgratnl  EulooMHtnca,  &c.  Tite  mrre  peoetrattoal 
minute  pnrticlev  like  itiuM  of  powdered  canuine  mto  amu^L 
oclU  wowtil  Dot  in  itM-lf  indicate  a  ualHnl  process  of  iiura-i 
lular  diftntion.  8ucb  a  penetration  of  cnrmuic  nartidn  ii 
Bitiiebaid  oorpasrlni  ol  lertebrato  lilood  ia  well  Known, : 
not  in  tliNt  case  l»d  to  the  infmnoe  of  normally  ocenrnn 
intra-ocllular  diction. 

ihi  this  accouat  I  tluak  aooie  importance  attaches  to 
otworratiou*  whidi  1  made  last  summer  on  the  inlra-oellt; 
digwtion  of  liimnocodium,  tbr  fmh-watrr  Medun  dincoi 
iu  the  bly-buuse  of  the    Batasieal  Gardens.    Bcgcnt's  Fa 
London.     1  waa  aUa.  in  this  animal, on  aucimtil  of  itsrsc 
tnttft|iMr(-ucy,  tn  »lui)y  Ibc  ca^ioitenu  ecUb  ..If.,  aiid| 

^.  .1,:,.!,  .1,.  r.,-.  „f  live  iaccpttan  of  tuiw.^.  ,w^  matt 
b' 

i  uati-  iiure  oiaue  a  eanful  slhdy  of  tlwcndodcnn  oTnnfl 
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RgioBS  of  tbU  Mcdnsa's  body  in  «{wctine]w  pnwrvcd  in  otnitc 
icid. 

The  series  of  qnotions  which  arise  in  connrction  wilti  this 
•tmonwiion  of  intn-ctllalsr  diRcstion  are  m>  Duinerous  mid 
npoilaat  tlist  it  is  quilr  critnin  Ihiit  the  must  complete  utoAj 
of  the  cndodcrm  nf  the  rariciu*  rrgioufi  of  t!ic  digvitivt!  tract  la 
ntrrinarT  before  the  pheiiomeiion  can  1«  rightlj  apjircctntiil. 
I'lie  foUomsg  con»identioiis,  ainongtt  atlirT»,  >re  those  which 
naturally  pment  themfdres  to  ao  observer  ■»  indications 
directing  ms  inquiric*. 

PtELIHINAKY   CoNSIDKBATIOKS. 

1.  Sopposing  it  lu  he  vflthUfhtii  that  some  of  the  endodcrm 
CcU»  in  lljdroid  aiul  Anthoxoan  poljps  are  capabli;  of  inge«tiiig 
•olid  food  iiarticles,  the  ()ueation  arim^  whether  this  is  an  ocni- 
nooal  and  accidental  piienoraenon,  or  whether  it  is  a  coruial 
and  definitelv  fixed  functiuD  of  tnch  rndudL-rm  cells. 

2.  The  question  also  occurs  as  to  vhcllicr  all  (lie  eDdodrrm 
cells  have  this  prnp^rtr,  or  whether  it  is  limited  to  certain  (rmiips 
of  these  ccll«,  whiUt  a  di.xtimt  kind  of  activity  (pussibl;  similar 
to  that  of  the  gastric  cells  of  other  animal*}  is  assigned  to  other 
cells  in  the  same  animal. 

3.  Further,  it  is  of  fandameiital  tniportaiice  to  ascrrtain  what 
become*  of  fo<id  partidea  ingested  bj  am<rboid  emlodrrtn  cells. 
Are  tbrae  particles  di^td  bj  these  cv'lls  as  food  particle*  iir« 
by  an  Amoeba  ?  or  arc  tbcy  again  ejected  nnchsnged. 

4.  Sappostng  the  food  partiele"  to  be  digested — that  is  to  say, 
dissdvcd  and  converted  into  diffusible  peptones  or  analogous 
nbetanccs — wliat  becomes  of  such  pe])tones  ?  Are  they  simply 
retaiiied  by  the  endoderm  cell  for  its  own  nutrition  ?  or  arc  tbcy 
passed  by  that  c*ll  away  from  its  surface  to  subjacent  celi«, 
which  thus  are  DoDrisbei!  by  a  process  ofdifTustoD?  or,  nguiti, 
are  the  products  of  digntion  rtlnniM  by  the  eudoderm  cell  lo 
the  alimentary  trad,  and  carried  \\itnix  by  its  romificalious, 
M  a  nutrient  fluid,  into  various  regions  of  the  body  P 

5.  Arc  there  anv  special  kinds  of  food  particles  which  are 
tngnled  in  the  solid  form  by  certain  endoderm  cells,  whiUtotlivr 
food  materials  are  dissolved  and  distributed  by  difl'usion,  in  the 
same  way  as  are  albuminoids  and  curbu-hydrnles,  by  the  aii. 
neataiy  organs  nf  Vcrlebrata.      Is  there  any  ^Tfiiind  for  sup- 

Othal  the  ingestion    of  f4t8  in  a    particulate  form    by 
rata  b  a  sumval  of  the  intracellular  digdtioa  now  esta- 
bh'shed  as  occurring  in  Ctxkulcra  and  I'lnnarinns? 

"Vihea  we  take  into  consideration  the  slracture  of  Hydra  it 
seems  pocsiblc  thai  the  sole  nittnti»n  of  the  ectoderm  cells  is, 
by  metos  of  the  products  of  digestion,  etaWtaled  by  endoderm 
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cclU,  flucb  proJucU  pacing  through  from  the  endoderm  ceW* 
ecUiAftrra  cell*  \>y  o^miuis.  And  *c  httvc  deliDire  ohflervstioui' 
of  MctscUnikolT  (in  Llie  case  of  ('luiopborn)  noon  tbc  passage  of 
carmine  pnrlicles,  away  from  tliC  endoderm  cell*  vliick  took  them 
u|).  into  iiic-Hudprm  oelU  lyiu^  beneath  them,  wliich  favotir  tbo 
rmtiou  of  )iucli  a  passage.  It  may,  however,  be  noted  that  the 
Carmine  partidu  do  not  appear  in  this  cv«  to  have  been 
digested — that  i*,  citemicallj  changed  tod  i]i>»olved — and  heDoe 
the  paG!iiige  of  l)ie  partklea  in  question  b  a  phruomnnoD  RimiUr, 
in  es^nitial  respects,  to  the  passage  of  fat  particles  uiicban;^ 
thrfjug;h  cells  on  the  surface  of  the  intestinal  villi  of  Vertebrates 
to  subjacent  eells  and  cdl  )>p»er«. 

On  the  other  hnnil,  wlien  we  try  to  bring  the  structure  of  the 
MeduKc,  with  tlidr  elaborate  ga^tro-raacular  canal  sfstem,  luto 
KJation  with  the  facts  of  inira-ccllular  digestion,  we  find  it 
imponible  to  admit  that  tbo  nutrition  uf  the  organism  can  be 
carried  on  hj  the  mere  osmotic  passAcc  of  nutrient  matters  from 
those  cells  which  are  active  as  intra-ceTlnLir  digesters  to  suhjuceE 
cells.  MetschnikofT  lias  observnl  that  iu  manj  Cfelculera  ih  _ 
intra-cellularly  digestive  ceil.*  are  liiuilcd  in  number  nud  position, 
and  this  fact  I  can  fullj'  eslablivh  i),v  mj  tibwrvulious  on  Limuo- 
cmlinai.  Hence  the  regions  in  which  subjacent  cetix  can  be 
nourished  hy  supenaccnt  intra>cellularly  digestire  cells  is  ex- 
ceeilinglv  limited.  Hie  products  of  the  digestive  activitj  of  the 
intra-cellularl;  digesting  endoderm  cells  are  in  all  probalulitj 
in  the  Medusa;,  returned  to  the  alimentary  canal,  and  canied  i  _ 
hj  the  agency  of  the  gastro- vascular  cwials  into  the  rrmotet 
parts  of  the  organism. 

Bearing  in  mind  thcw  considerations  we  maj  proceed  to  aa 
examination  of  the  endoderm  of  the  gastric  and  gastro-vascul 
cavities  of  Limnocodium. 

TlTTKa-CBLLtnJlR    DlORSnOK  IK  TUK  PKOXIHAI,  RkGION  OV  TlIB 
GiSTEIC  TUBB  OeSBBVeO  Dl-RINU  LiPB. 

Ttu!  manubrium  of  Limnocodinm  is  a  somevhat  iguadraugols 
tube,  which  de|>cnds  during  life  below  the  msrgin  of  the  ai 
btdla.     Its  cavity,  the  slmnach,  pmrnts  a  cunsidemMc  dilTrreue 
in  thie  structure  of  its   lining  crlU,   tlie  gastrie  emtoderm,  ii 
tlifTerrnt  regions.     \Vhere  Die  four  angles  of  the   »loniach-tubd 
arc  insertrcl   intn  the  umbrella  the*  are  aligblij  prodDced,  and 
give  rise  to  the  four  radiating  canals.    The  enlarged   angles  iii 
the  sluuiacb  are  lined   \iy  tieculiar  cella,  in  which  1  obst-rvrd  a* 
intra -cell  alar  digestion  U>  be  (irocccding  during  the  obscrvatioii 
of  hving  spccimenn.     In  I'late  V|[|,  Rg*.  1  and  2,  twi>  drawin^d 
of  this   intra ■orllulBTly   digestive  endiidrnn,  lakeu    frum  livir^ 
Bjiecimeni>,  aru  ropntduDed.     TiieevlU  aroietin  to  form  a  wiJul;^ 
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ofwn  mcshwork,  large  rpiaocA  oecurrifi;;  between  tieighbouritig 
odl<,  the  cells  being  connected  by  ridgtai,  which  traverse  the 
(paces.  The  cells  tlieinsolTes  appear  to  he  iiakc-d,  nnil  tlicir 
protopUsm  is  irregularly  aggr«gdted  so  as  tu  form  mute*  with 
p«nidopadia-Uke  processes,  and  b]*o  clotbiug  the  ridges  eoiinect- 
mg  cell  with  oell,  Sphericn!  nucU-i  (a),  with  spherical  nucleoli, 
are  plaeed  at  interrals  in  the  protojil^i^in,  and  have  a  uniroroi 
appjannce  and  eise,  which  is  chiiracteristic  of  the;  endtKlcrmoil 
noclei  thronghout  tlie  gastric  and  gastro-TsscuUr  area.  Tiiey 
measure  sbout  ^Viri^  inch  in  diameter,  wbiUt  the  spaces  in  tlie 
ninhwork  are  on  an  average  abciul  tb's-*''>  ^J  rtW^b  of  an  inch 
in  ibe  •mallcst  and  largest  diameter.  In  the  neighbourhood  of 
tbc  nuclei  are  nnmeroos  dense-looking  maues  of  an  ill-clelincd 
flufv,  which  give  to  the  cell- sab  stance  a  certain  opacity  (6). 
In  fig.  i  there  arc  alto  se«D  T«cuole-like  spaces  or  clearer 
portions  of  the  cell -substance,  contiiining  very  dirk  minute 
granules. 

In  both  figure*  there  are  »een  embedded  in  the  protojilaxmic 
net-work  green  nDicellalar  organisms. 

In  fig.  1  a  large  Eugleoa-iike  form  (r)  is  embedded  in  a 
Plasmodium  formed  by  the  confluence  of  eel  I -substance  from 
some  four  or  five  cells.  In  ttic  upper  part  of  tbc  figure  two 
Protococci  are  seen  eoibuddnl  ■□  p«eu(lupodia-like  proct-»M'S  (if 
the  cell  network.  The  one  to  the  left  (f)  is  in  n  slate  of  dis- 
int^ratton,  that  to  the  right  (:)  has  not  yet  been  altered 
a{ipt«Gubty. 

Id  Gg.  i  the  letter  r  points  to  an  ingested  organism,  which  lias 
been  aimo«t  entirely  broken  up  and  its  colouring  matter  lost ; 
j>  marks  a  Protococcus  reduced  to  the  condition  of  a  few 
coloured  granules,  whilst  t  is  placed  near  a  recently  ingested 
Prolococeus. 

I  did  not  observe  the  movement  of  the  pscudopodia-Iike 
lobn  of  tbi*  protopla-tmic  network  during  life,  nor  the  actual 
process  of  the  eiilry  of  a  solid  food  particle  into  its  substance. 

I  may  mention  in  this  connection  that  the  proximal  region  of 
the  ftomaeh  in  many  sp^iiuens  of  I.iiunocodium  wus  infetted  hv 
a  remarkable  little  free  smimming,  yet  tubjcolous  Kutifer,  vhich 
carried  its  tube  about  with  it  as  it  swam. 

This  parasite  ajipearcd  to  escape  altogether  the  embraces  of  the 
MDOtboid  cndoderin  cells,  as  well  as  to  be  uuaffoctod  by  the 
d^cftiw  secretions,  if  any  such  were  present. 

SrKucniRH  OF  tbk  Qastbic  E.'cimpbiiii  of  various  Bbcions, 

AS  SBIEK  UK  TlteATtlllKT  WITH  KkaOBXTS. 

Tbe  true  structure  of  ihc  cmloderm  of  the  gastric  tube  becomes 
evident  irhen  spccimeru   which  have  been  treated  with  oamic 
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acid  niv  tUined  villi  picro-eaniiine  tad  eiMnined  aoHn-  the 
highest  powers  of  the  iDicroscope  bv  tueaits  of  ibasiiif;  wiil  tm- 
tioos.  Ttie  mcihwork  of  unisaoiil  cells  in  wtiicb  uiiTa-ccllitl>r 
digestion  Ulu«  place  is  sceo  to  be  coBfioed  to  the  four  proxiui*! 
angles  of  the  msinc  lube. 

£iuhtUrm  0/  radial  ca^aU.—'Viit:  eiidndenD  »udd«olj  dunge* 
its  chancier  at  the  commeDcemeol  of  the  radial  onal*  (see 
PUte  IX,  fig.  S  v),  and  in  these  contioDations  of  the  gantne 
clumber,  inslrad  of  a  nttvorlc,  wc  find  closely-set  nuclei,  the  cell 
areaa  not  distinctlj  marked  off  from  one  another  and  the  prato> 
plaam  free  from  granulitioiu-  These  cells  as  seen  ia  tlie  living 
condition  arr  ciliairt). 

The  iiacl<^i  are  preci»elj  aimitar  in  form  and  «ix«  to  tliose 
the  gamine  lube,  and  take  np  the  cirmine  staining  in  a 
which  is  ciiaracteristtc  of  the  cndoderm  nuclei  in  general  (s 
Plate). 

£ndwUrm  of  lie  ri«g-canal.~\  Hare  in  mv  former  paper  oa 
Limooodiiim  (this  Jotinial,  Jnly,  18S0)d«cribrd  nnil  liinir  '~~ 
(PIntc  XXX,  fig.  fi)  Oic  modification  of  the  endod.rni  cetU 
the  nbuDibrnI  wall  of  tbe  marginal  ring  canal.  'IV  edtx  of  the 
adnmbral  vnll  ure  like  tho»e  of  the  ring-canals.  The  oelln  of 
the  nbnmbral  wall  are  modiSed  b/  the  dcjwsit  of  block-like 
masMa  of  a  dense  substance  within  them,  which  osoallf  obscure 
the  Doclei.  TbcH;  cells  also  have  a  remarkably  angoUr  and 
irrwnlar  form.  Tbej  furm  the  rvpresenlaltre  in  Liunocodmm 
of  Uh  carliiaginou)  marginal  ring  of  Tnwbymediuw;,  and  are 
drawn  out  into  loba  which  are  continuous  with  Uie  tools  of  the 
Icatacles.  Tbe  endoderin  of  the  gonads  (genital  pouches)  lia 
a  aimilar  atructnre  to  that  of  the  abumbral  wall  of  the  rin| 
canal. 

Htdodtmi  9/ tie  yaitatt».—fL  portion  of  this  part  of  the  ernlo- 
dcrm  is  drawn  in  Plate  IX,  (ig.  V.     It  quite  clo^rW  rceembk  ~ 
tlinl  of  the  abainbrtl  wall  of  the  ring-canal.     Tlie   bti>ek-lil 
deposita  within  the  cells  ami  the  dark  colour  which  the  whc 
layer  had  asvumed  un<ler  tlic  influence  of  osmic  acid  were  sull 
cicnt  to  obscure  tbe  naclfi,  which  accordingt;  are  not  aeai 
the  drawing. 

Bndoderm  of  (he  m't^U  tkiri  <^  tkt  ya4teie  tlie. — Tills  ia  , 
reprBMnted  in  Plate  X,  figs.   1  and  2.     Ovirr  a  com: 
■mall  am  the  cells  preseul  a  uuirirra  hexagonal  paTcin' 
viewed  from  their  free  surface  (Plate  X,  fig-  2}.     'I'Ue  Dae 
have  tbe  tame  size  and  charaoler  as  in  the  other  cndodcim 
bat  the  cell  substance  ia  small  in  quantity  and  of  a  home 
UcTc  and  ibere  in     '  l  ■     - 

,  ni-nintocjst*  sir  "■ 
'I'Im-'j  a<>UM!liuui  an:  vmbrdded  ui  Um  tiudvdvim  (y  jry  »u  a*  to 
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prtjcnt  a  vphericftl  appcar»nc«,  and  the  Grrt  explsnition  of  their 
ijfpcanncc   hi'tir  vhidi    ru|r^i-»i*    iitrU,  if-   lliat  tlicv  luve  bi-iii 
dctelopcd    III  eDil'-l'Tiii  wiU.      lint  the  facl  lliat  ihcv  are  st-at-, 
Und  lerj  iiregiilar)|  au<l  occur  in  nit  rpijkiiiK  uf  ihv  gaxtnc  lulwl 
i|KmilicaUjr  is  a^aiust  this  view.     FurthiT  the  absence  of  any) 
etU>  of  the  eudoddiD  in  which  aUgea  of  the  developiiit-iit  ofn 
■adl  aeinalQCfats  can  be  made  out  is  also  sgaiDnt  the  view   \ha.t 
ibej  arc  dcTrloprd  bcrr.     Lastly,  the  facta  that  ihij-  arc  pre- 
awlj  fimiUr  iu  apitearaiice  and  uixe  la  the  ntfinitlncvsts  of  the 
t«i)iitclc9,  aitd  that  acloal  bits  of  ectoderm  cell»  conluitiiiig  three , 
or  four  uenuiocT8t«  aide  by  side  may  be  observed  occa-ioDallj  in 
ibe  gaatnc  tube,  arc  in  favour  of  the  riew  that  the  ncutatocj^ts 
occorriag  in  the  gaslric  eiido<lcrm  have  been  »u'aliowcd  by  ihc 
Hnlu»a  t>  ith  its  pn^y,  aiid  hare  bt^ouie  (.-iiibcddc<l  in  the  toft 
efuto«irno  fortuitouidy. 

Tbia  exulanatiou  naa  been  offered  by  Mr.  Marcus  llartog^J 
(sec  this  Journal,  IS^U)  of  the  iimtlar  occurrence  of  ncinato< 
e\t*»  in  the  cododerm  ccIU  of  Hydra;  and  for  the  prrseiit  cwi; 
a*  well  Of  that  uf  Hydra,  tl  hi-cuis  t*)  inc  tu  be  iiii|.ii>fui:U)ry, 
though  it  muft  he  rvNir.aibr.mt  that  there  is  no  gri^at  ini|in>bii- 
biltty  ooniiecled  nith  the  develop  men  I  of  iiL'matocj  sL*  by  endo- 
6erm  celU  ouless  tl>e  meacoterial  lilaoicnts  of  the  Anthozoa  caa 
be  •howu  to  have  an  eotodermal  origin. 

Abo*«  and  below  the  limited  region  of  homogeneoos  hexagonal 
eeUs  the  endodcrm  of  the  middle  third  of  tbo  gaatric  tube 
rahibils  two  diatinci  coiteutnitaiil  luodilicatiooa  (Plate  X> 
fig.  l>. 

1.  Some  of  the  cells  are  enlarged  and  highly  granular  (i),  in 
fad  hare  heeome  aecrelion  cells  or  unicellular  glands. 

2.  Tbe  c«lls  are  no  longer  continuous,  but  here  and  there  the 
oeU'psveiuGnt  ia  dehcicnt,  actual  ga;i»  of  greater  or  Icaa  tine  (/) 
Slaking  thetr  appcarnuce  bctwtvn  iici^liboiiriiig  cdlK. 

Bmdodem  ^'  tie  oral  third  ^'  the  gaMrtc  lu&e. — The  nido-J 
derm  of  the  oral  region  pr»tents  a  condition  whicli  inny  he  coa*  . 
aidrred  as  a  development  of  that  last  described.     In  I'lutc  IX, 
fig.  3,  a  pieoG  is  represented.    All  the  cells  arc  here  either  fully 
developed  as  B«cretion  cells  (t»),  large  clear  bodies  about  the 
-rVinft^  iich  in  diameter,  or  are  on  their  way  to  this  condition 
(i).     Tlic  nuclei  have  the  characteristic  form  and  mx  (a).     The 
intereelluhr  space*  (/)  are  very  small  and  few,  whilst  surrouud-i 
ing  the  enlarged  secretion  cells  and   enctoaiDg  the  yet  youDgl 
•ecretioii  celb  is  a  sort  of  Uminatcd  matrix  id).    This  matrix  ii 
to  be  Rgardcd  as  an  intercellular  sohelance  of  a  horny  or  gelati- 
^noua  character.     It  forma  a  complete  framework  to  the  whole 
scrica  of  ocll«,  enveloping  each  of  the  more  fully-grown  secretion 
ocUs  in  a  dutluct  capsule,  which  is  broken  through  on  the  free 
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auri^ce    of   tlic   endoderm   bj   cucnlar   aperiam    (Pinte   IX, 
fig.  4)  oom^'iKindiiig  euub  lo  a  ripe  Kcrctiou  cell. 

The  tiudd  of  the  n|ie  seoreUon  cells  niv  Ims  dcliacd  tlum  iboM 
of  tbe  jounger  cells,  and  I  am  inclined  lo  think  tlinl  they  undergo 
atrophy,  ana  tliat  the  ahole  Kcretion  cell,  vlien  iu  rlirinical 
metamoTphom  is  cnmplrlr,  i»  pae««d  into  the  gaslHc  oavily.  I 
am  alfo  Inl  to  believe  thai  tliu  t«k«  fltux  fieriodica/tif  by  tbe 
following  (iWervation. 

WhilH  ill  some  specimms  of  Limnocodinm  stui^ed  by  me  the 
oral  |pi*tri<:  endodcnn  prtM-nti-d  uiiiroroily  tbe  appeanuiCd  repre- 
wntMl  in  llalc  IX,  &;;.  3.  yet  in  another  batch  of  spedinenx  it 
bad  uniformly  a  very  ditfervnt  appearance,  which  is  drawn  in 
Plate  IX,  fig.  6.  In  thta  ease  all  the  tiitn  which  in  tbe  former 
example  wtTV  occupied  br  large-sized  secretion  eellit  are  empty 
(_/).  The  framework  {d)  remains,  and  projecting  into  the  KmfAj 
tpaces,  ai>  tliouiili  dcfltiucd  in  their  turn  lo  occupy  ihem,  are  auiaU 
accretion  cells  (ft). 

1  can  onl?  interpret  Ibne  appearances  on  the  sup|>oeition  that 
the  large  cells  are  iibed  when  npe,  and  that  the  next  gcaention 
grow  out  into  the  ^)Mea  left,  whilst  a  third  genentton  is  de- 
vel«|>ed  from  thi-  wcaUercd  cells,  with  ai  present  Utile  pruloplssm, 
and  merely  indtcnied  by  the  nuclei  (»«).  And,  further,  itiwema 
that  the  ripening  and  ahnlding  of  the  Mcrcttun  cells  must  t<ke 
place  in  the  whole  of  tbe  oral  gastric  cndodcrm  simultaneously. 

It  i»  i>o»iblc  that  n  periodicity  uf  ibis  kind  may  W  inherent 
in  tbe  growth  and  development  of  these  ceils.  It  i»  dIko  exceed- 
ingly likely  that  the  simultaiKious  deariog  off  of  all  the  ripe 
secretion  cells  in  due  to  some  sjiecinl  act  of  the  Ucdnaa.  Tt  in 
likely  that  the  act  of  feeding,  of  sizing  prey,  audi  BS  Entomo- 
etrai^  (on  which  the  ^IrduMi  was  fre4[ueiilly  !te«n  to  fcedj,  would 
be  the  dcleniiiuing  cause  of  the  clearing  out  of  Uic  necrcljon 
cells. 

lliis  bypotbeais  i»  boroe  out  by  some  fnrtbcr  faoU,  to  be 
below. 

Whether  it  be  nceejitedornotjitisclear  tliat  webave  acupii 
secretion  produced  by  tbe  ornl-gn*tric  endodr.rin,  and  it  is  in 
highest  d«^rre  probable  thai  this  jiecretiim  has  tlir  action  of  a 
fuinent  orufasolienl  Upon  tlie  larger  food  maues  taken  into 
it«  gastric  tube  by  Lininocudium. 

A  miidiflcatton  of  tlie  endoderm,  not  anlike  lliis  of  tbe  oral* 
gastric  region  of  l.iRii>ocodium,  is  described  by  Clstis  in  UU 
rjMaa  marmpiatii,  that   mo»t    intensliiiit  nf  all  Medu>iE.     In 
111*  admirablti  memoir  on  illuryhdira    ('  j\rlidlru  Abh    /nnlnif, 
Iiiitiluts  ifu  Wiifu/  1-  II  hiit  iflii' 

and  37,  drawings  of  ■  im  oral  \ 

gntne    tub«,    dgsdj    resonbting    that    figured    liy    ma 
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Lfiatr  IX,  %.  3.  CUos  distirtpaiahea  two  Vinda  of  glaiid 
pcella^  corrcspoDding  to  what  1  bt-iicve  to  be  yonii);  and  old 
Mages  of  OIK  kind  of  gland  cell.  A  diftV-reocc  rxi»U  iii  tbc  fact 
thit  in  CliBrTb<la»  ciliated  ceILt  nre  jnlct^pt-rscd  auioiig  l)ie 
glAod  cclti,  wliiUt  such  do  not  appear  to  be  present  in  the  saitie 
icgioit  in  limnocodium. 

£mUd«rm  cfli«  proximal  third  <^  fJia  yattrK  tube.- — Aa  ve 
ptM  upwards  towardM  the  umbrrtlit,  ttJonf;  lti«  wolia  of  ttie  |^»tric 
tube,  thp  cndoiirnn  cells  gradually  0|ien  out,  leaving  inlerofllulnr 
fpacn,  and  where  the  tube  expands  slightly  in  the  horiiiuntnl 
plane  the  characters  exhibited  in  Plate  IX,  fig«.  1  and  t,  am 
■MumMJ.  I'hia  is  the  region  which  has  alrrndv  Xwkw  ilirf^cnhcd 
above  in  the  IiTiog  condition,  and  in  which  iatra-ccllular  digntiun 
takes  (ilftce. 

AeompoTUon  of  figs.  1  and  2,  Plate  IX,  with  figs.  3  and  6 
of  the  same  ptate,  shows  that  we  have  in  this  ret^ion  the  same 
elaDCnts  of  form  to  deal  with  as  in  the  oral  region,  but  somewhat 
fflerently  chanctcrisMl.  There  are  larj:^  intcr-ct^Uular  spiici-s 
{/),  which  arc  marked  off  bjr  a  somewhat  librillutcd  or  laminated 
framework  {J) ;  nplierieal  nuclei,  which  take  the  cnrminc  staining, 
are  acaltered  irregularly,  and  have  tiurrounding  them  a  proto- 

!|ilasinic  cell  substance,  which  is  very  deficient  in  some  parts, 
•od  is  sfigregated  in  other  |>arl9 ;  it  appear*  to  be  continuous 
ihrougluHit,  and  is  not  marked  off  into  separnte  cells  corre- 
sponding lo  ibo  indiTidna)  nuclei.  Two  nuclei  arc  often  closdy 
approiimatcd,  indicating  recent  divUiou,  but  I  have  not  met  with 
aaf  in  process  of  division. 
Cormpooding  to  the  secretion  celb  of  the  oral-);iii>iriG 
otdoderm  are  circular  or  oblong  grou[>ti  of  oval  budica  of  a 
icfriDgnit  substance  {(>),  which  appear  to  correspond  to  the 
groups  of  large  granules  seen  iii  the  living  specimens  As  now 
KVD  (after  the  action  of  rr^gcntjt),  tlitsv  groups  appear  to  he 
formed  by  oval  droplet*  of  a  homogeneous  trtiaspareut  substonci-, 
which  staiu  of  a  pale-pink  colour  with  picro-carminc,  and  are 
strongly  enurginated  bv  the  ditference  of  refractive  index  | 
between  their  soMance  and  that  of  the  materia)  in  which  they 
•re  deposited.  AVhilst  rrprcseQling,  in  position  and  jize,  the 
an:ntioD  cells  of  the  oraUgnstnc  endodcrm,  thrsc  bodies  have  a 
different  structure  from  ilii>!>e  n-lls,  and  the  substance  which 
■tains  pink  is  unlike  anything  prcenl  in  thnl  region. 

Lu^e  vacuole-like  spAcet  ait-o  occur  {ee),  in  whidi  a  few 
dark  granules  and  irregular  particles  may  be  oh^t-rved,  whilst 
the  snbstance  fillio;;  ihc  vacuole  is  transparent,  and  stainn  pink 
with  picro-carmitie.  It  also  oppenrs  to  have  been  precipilulea 
M  a  bomogeneous  or  excessively  tiucly  gramdar  soUd  by  the 
ution  of  th«  rwgent*. 
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The  subsUoce  filling  the  vacuoles  («)  is  apiiarentl^  identical 
vith  the  suUUDoe  filitn^  the  namirrous  oral  apaeea  of  tlir  bodic* 
i&6).  At  the  same  lime  lltere  un  be  little  doubt,  tnia  lb« 
coai]>ariwn  of  the  prepared  sjwctmcUK  with  tlic  livings  ttiat  tlie 
vacuoles  are  /oad  tMcua/e*,  vis.  8|»ec«  into  viiich  solid  food 
matenala  have  been  taken  and  digested.  Acoonliuglj  the  material 
which  thejr  coatain  i*  an  albnitiinouB  subatanee  leaultiog  from 
the  iitgt-!tioii  of  Ibose  food  {larticles. 

Froin  UwRU  coiiaiilcTiitiuu>  it  wetus  not  imptobahle  that  tba 
pink  uibftAnee  of  the  bodies  i^6)  is  al»o  an  albuiiuno«u  sutwt 
Kill  1  ling  from  digestive  activity. 

I  aubnut  as  suggeetioue  for  further  examination,  wbcn 
bisUriogy  and  physiology  of  the  cododtnin  is  attempted  in  utl 
Medo^c,  that  tbc»c  bodin  {b)  are  either  points  at  which  nuniei 
oa>  small  food  [Mrtielea  have  been  iooepted  and  digested  by  tl 
pnitopbutm,  or,  what  is  more  probable,  that  tliey  ire  portiou  i 
i)ie  protoplasm  of  this  tetoarkable  meshwork  which  arc 
dally  active  in  "working  np"  tbe  prodn«ts  of  intra- oelluti 
digestion,  and  that  thi^  prnodieally  ditdarge  lie  aiiumna* 
product  <^  di^etfioa  aiui  eMoration  into  tile  gaatiic  chamber, 
whence  it  paMic*  into  the  radial  oanala  and  marginal  canal  tu 
nonrivh  the  oulslaiKiint;  parts  of  the  organism. 

That  albuminous  substances  in  k  digested  stst«  must  pats 
into  these  canals,  dtlicr  in  this  way  or  as  tbe  result  of  live  " 
tioa  of  a  portion  of  the  food  by  juices  secreted  into  the  ^ 
cavity,  appears  obvious  when  the  limit«l  number  and  area  i 
intra-cdlularly  digestive  celb  is  ooitsiJered. 

I'rojectiog  into  the  spaces  (/)  of  the  neshwork  are  pMti3o[i 
dia-like  processes  (c  in  figs.  1  and  i,  Plate  i\);  Llwse  are 
only  given  off  from  the  larger  masses  of  oell-substana 
ap[M«r  to  sptcsid  aloi^  the  fibro-lamiiiar  trabwulau  (d) 
meshwork,  and  whilst  clotliing  tbe  trabecuUe,  and  oficn  projVct 
ing   from   tlitm   into   tbe  intei>cellular  spaces,  also  keep 
proloplnsui  of  ueighboonng  masses  is  oontinoity. 

Just  as  in  the  orai-ga*.tric  cndoderm,  two  very  different  eo 
ditioQs  of  Dourishmcnt  imd  activity  were  ubscned,  so  here  iu  li|| 
endodetra  of  the  proximal  end  of  tlie  gastric  tubr — which 
call  the  ingestive  endoderm — thers  were  two  vtrj  difTervtit  j 
ditinn*  which  came  under  mjr  obserTation.     Tie  fym  coni&iio. 
^  (kt  injfrstire  emJvJerm  avrw  d*fimiMy  rtUted  to  lie  hco  ma 
Jitiimt  of  Ue  oral  ndodtrm,    ^Vbca  the  oral  cndnOiirm  pr 

seuted  the  condition  of  abutidojit  Isrr ' 

the  iotrr-crllular  spaces   (Hate  1\, 
■   ■    ■    1 1  lud  lh«!  ■!>["    ■  "lift  liL^AinUf-il 

It  wtu  Bctit  .<ring  out  pst.  .  i 

large  uiter>cetlular  apACKS,  wul  was   feeding   upon   tbo 
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putidn  (such  is  Protoeoeci  tnd  Bnglene)  vliioh  chance  threw 
tn  it<  way.  In  (act,  whUat  the  onl  enatxlerin  vu  full  and 
uD#bed,  the  ingestivr  en<lodi?nD  at  the  other  fdiI  of  the  gastric 
tvbe  was  half-Marved,  with  fffwH  intcr-ccliulnr  j-pncf*  and  i-agcr 
pscnMpodia)  processes,  making  the  best  of  bad  timeK,  and  taking 
up  matm^  prcTiguslj  unprepared. 

In  those  spccinienM,  liowevcr,  in  which  the  oral  cndoderm  had 
shed  ita  secretion  cel[»,  and  in  which  I  have  supposed  that  an 
act  of  swallowing  some  Urge  prey  had  recenllj  taken  pinue — in 
th«M  the  iBgestirc  cndoderm  of  the  proiimal  end  was  totally 
changed  in  appnrsncv.  It  was  gorged  with  Gnrly  grnnular 
matter;  ita  inter-cellular  itpaces  had  almost  entirely  (li)>appenrcd 
in  oonseouence  of  the  swelling  out  of  the  protoplasm,  now 
remarkable  for  its  granular  stractnre. 

The  Bppearanoe  is  represented  in  Plate  XI,  fig.  &.  The 
maxaea  of  oval  Rietainoqthic  products  (b  i)  src  still  present,  bat 
the  spaces  are  reduced  to  a  few  soull  chinks  (/^.  The  trabe- 
cule of  the  framework  are  so  longer  visible,  owing  to  the 
!>wclling  of  the  protoplasm  and  ita  granular  opstjuc  character ; 
I  [ley  are  ooitceawd  bj  the  contiguous  edges  of  the  enlarged 
masaes  of  pmtopljuin. 

1  cooceiTe  this  change  to  be  doe  to  the  absorption  by  the 
ingotive  cells  of  a  very  abundant  supply  of  albuminous  mattere 
obtained  by  the  digestion  in  the  cavity  of  the  gasiric  tube  of  a 
Daphnia,  Cyclops,  or  some  such  form.  The  raw  products  of 
gallic  d^;c«IJon — partly  dissolved  partly  in  the  furm  of  fine 
naittdes— would,  it  may  be  asaomed,  be  taken  up  by  the  nmueboid 
ingeative  cells,  just  aa  are  the  rarer  living  food  particles  in 
lima  of  dearth  when  so  copious  a  feast  as  that  afforded  by  a 
Daplinta  is  not  forthcoming. 

As  to  the  rrluni  of  th«  ingestive  endodeim  to  its  mrshwork 
state,  with  pveudupodia  ready  fur  the  inception  of  large  foiid- 
faod)M>  I  hare  no  observations  to  offer,  and  I  will  not  speculate 
fmtlicr  apoD  the  possible  activity  of  the  ingestivc  cndodenn  in 
claborsliDg  the  food  matters  taken  in  by  it. 

It  is  a  tniUer  for  re^cl  that  the  fresh>wat«r  Medusa  died 
down  in  the  Uly-hooae  lank  a  few  wceka  after  its  diaoovery,  so 
Ifaat  I  have  net  been  able  to  follow  ap  experimentally  some  of 
the  •ofgcstions  which  the  study  of  the  cndodeTm  hea  afforded 
mr.  It  would  be  an  casymalLrr  with  LiiuDocodium  and,  indeed, 
with  other  siDsIl  Medusfc,  to  determine  experimentally  the  con- 
ditian  of  the  cndoderm  cells  of  different  regions  of  the  gastric 
tuht  bffore,  liiirmff,  tad  aftft  the  introduction  Into  that  tube 
of  an  Eatomostracoos  Cmstaccan. 

Tlie  obtvrvalions  and  interprrtAlwns  which  T  have  put  forward 
in  Ibe  preceding  pagca  cannot  be  regarded  as  more  than  an 
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carlj  eontributiuu  to  tlic  ntbjwt  of  intn-ceUalnr  digestion  aind 
tli«  commntive  |iht«io1oK:y  of  digestion  in  gtmcral,  which  I  do 
not  doubt  is  about  to  m  invettigatcd  with  new  vtgonr  and 
interttt,  is  oooseqaencc  of  llotwbnikoff'ii  mcaiclie*. 

Sl'UllART. 

I.  The  cells  of  the  cndodcrm  of  iht'  gti^tric  lobe  >tid  nsttv 
Tasculor  catuls  difft-r  vcjy  cunitidenibl/  in  fona  and  in  Uie 
chcinical  metamorphoflis  of  ila  sabstance  in  different  r^otu. 

i.  1'be  nuclei  are  alike  in  all  aa  to  eisc  and  fom,  exceptiiig 
in  the  cells  of  the  abumbral  wall  of  the  mar^giital  canal  and  tbe 
limibr  cells  of  tlie  nKlocU-rm  of  l)ie  geoital  pouchea. 

3.  'iYtcfc  lattf'j'  are  aiitpilar,  clooe-aet  cells,  with  dense  block* 
like  deposits  in  their  protoplasm  eonceaUng  the  noclrus. 

4.  liie  cells  of  tbc  ndui  csnala  an  CKce  aet  and  ciliate  wHb 
■pane,  hjoline  protoplasm. 

5.  The  endodt'Tin  of  tlie  gastric  tube  is  divisible  into  thn« 
regions :  a,  the  oral,  d,  the  mid-gastric  and  e,  the  ingestive  or 
proximal. 

6.  Only  the  cells  of  the  proximal  region  exhibit  intra-ccQnlar 
digestion. 

7.  The  celU  of  the  onl  rrgion  produce  a  Mcretion  b;  their 
deTelopmeat  as  secretion  cells  (goblet  cells  of  Clsas). 

8.  The  cells  of  the  mid-region  are  inactive, 
0.  The  cells  of  the  proximal  region  a])pcar,  ondcr  ocrtatn 

circnmstaDcea,  as  an  o|Mm  meshwtirk  giving  off  anMBbmd  pro* 
cesses,  bj  means  of  which  thtj  take  in  solid  food  particles. 

lU.  Lndfr  the  same  circumstances  the  secretion -oelle  of 
the  oral  region  are  richlj'  dcTclopcd  and  in  place. 

II.  Under  other  circumstances  tJvc  cells  of  the  oral  region 
appear  (o  have  been,  to  a  la^  extent,  sited,  leaving  iotei-cd- 
lalar  spaces. 

1 2.  When  this  is  the  case,  the  secretion -cells  of  the  proxinal 
are  swollen  and  granular,  and  the  inter- cellular  spaces  of  tha 
mesh  work  ohliwiMinl, 

l^.  It  is  iDfcrred  that  the  latter  circumstances  are  the  rmjk 
of  the  taking  into  the  gastric  lobe  of  rclalicct^  l^^ge  p>v|H 
wliilxt  the  former  condition  is  one  of  comporatirr  fasting^Vj 
which  such  small  food  bodies  as  any  bo  ingtstrd  hj  the  endo- 
derm  of  the  proumal  region  are  proportiimatetj  valuable  to  iho 
oigaoisa. 

AuDWDtfH  OS  THR  EKuonBaH  or  tiiK  Testacleb. 
In  Plate    X,  Rg.  .1.  m  surfncc   riew   it   given  of 
smnllost  sized  tentuclcv,  fur  Ihr  piirriuoe  iif  sLuiTLn);  i 
which  the  thrcsd-celln  arc  cliuterea  in  groups  ujion  it«  surfaoi. 
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,Tbr«e  gronps  sppi^r  to  hnvc  a  rpiral  arraiigcmfnt,  more  or  less 
^tfinitrlr  nprcwd.  In  ftg.  6  two  Ihrcad-culls  arc  represented 
^vith  ej«cte<l  fjlament,  showing  iho  merie*  nf  six  smnll  barbs  at  its 
hmae.  In  &g.  4  an  optical  median  ton^'tndiital  section  uf  tlio 
tcntado  b  drawn,  in  order  to  show  dcfinitclj  the  character  and 
mmiigrmcnt  of  the  nidodcrra  crllf.  The  »|ieciiDvn  from  vhich 
the  drawing  tms  tabrn  hnd  been  treated  witb  osmic  acid  and 
picTO- car  mine.  Ad  actual  transverse  section  of  a  similar  ten- 
tacle is  shovn  in  fig.  3.  The  cadodcrm  cells  consist  ot  a  dense, 
faigfaljr-rvfnngmt  sabstancc,  which  i>  somewhat  wrinkled  by  the 
action  of  (he  mgtnt,  Tbe  nuclei  are  a  little  amaller  than  'thwie 
of  the  gutric  endoderai.  In  some  cases  a  small  amount  of 
KTanuIar  ceU  snkstanoe  mav  be  seen  radiating  from  tbe  nucleus, 
but  tbe  whole  cell  bod;  otnenrise  has  been  inetamorphoKd  Into 
bonogeneons  cortilaginold  subnUnoc.  Tbeie  ia  no  ooDtinuous 
smen,  although  the  eelb  are  disposed  in  a  single  series  around 
sxia  of  the  tentacle,  and  leave,  on  sbrinlcing,  a  small  space 
where  thetr  adasial  surfaces  should  come  into  contact.  This 
enttal  lomco  appears  not  to  lie  continuous,  even  in  the  vpeci- 
trented  bj  reagents,  and  in  living  specimens  it  baa  no 
cxisUoce. 

A  ttrnelitrelesa  lamella  (Stntz>lamclla)  (c)  adheres  closely  to 

the  endoderm  cells.     Subjacent  to  the  ectoderm  cells  arc  the 

Terr  titte  transversely -striped  muscular  processes  {(!],  which  are 

d«Teloprd  on  tlieir  inner  faces,  not  only  here  but  in  tbe  case  of 

lHic  VNOumbreltor  ectoderm  and  of  the  ectoderm   of  the  aduui- 

plnUir  sttrface  of  the  velum. 
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On  the  MirROUFTRiC  NcMF-KATtoir  of  the  ^ijnnVKnt 
prsciEB  and  tlie  Esiimatiox  9/  tJteir  lixMOGUtttll 
Bt  Mrs.  Ehhkst  Uakt. 

TnR  mieronietric  nnmenition  of  thn  blood-corpnsclnTi 
the  eitiniation  of  bein<^1obtn  are  operatiAiu  wUich,  thou 
of  coniparntively  recent  introduclion,  have  rapidlj  passed 
out  of  the  sphere  of  laboralorj  experiment  into  ptacti 
use  at  rxact  methods  of  phywiologiciil  and  elinicmt  inventis 
lioi).  Those  who  have  watk«d  at  this  suhji^rt  cannot,  ho« 
ever,  have  uroceeded  far  without  diM:ov«ring  that  the 
methods  and  inetrtitneols  bitherto  in  use  are  inrouveniently 
iiniwrfvct  and  xiijntcd  hy  tmincTotis  sourn^  of  error.  Some 
reoSDi  impniveuieitt.t  by  M.  Malaises,  asHintanI  in  the  la- 
boratory of  Histology  in  the  Collie  de  France,  appear  to 
me  to  have  done  much  to  remove  these  disndvanta^. 

Before  procecdinj;,  however,  to  describe  the  uew  Corpuade- 
Counter  which  M.  Malnssez  has  just  introduced,  it  may  be 
well  to  say  a  few  words  on  the  methods  and  in»(Tnmenls 
usually  employed  for  the  numeration  of  the  carpuKh^.  The 
tbre«  wbicn  have  been  hiihcrto  in  (general  use  are  than 
known  as  the  instrnmente  of  Malnxeex,  llayem,  and  Qowen, 
In  the  method  first  invented  by  Malasacz  (the  Compta-  Oiobtilta 
Capiiiaire)  100  parts  of  a  H  per  cent,  solution  of  sulphate  of 
soda  are  mtxo<l  in  a  special  instrument  called  the  JJtJoHffmr 
Polain  {Vig.  1)  with  one  psrl  of  blood.  This  solution  is  then 
drawu  into  ati  extremely  fine  capillary  tube.  The  calibre 
of  this  lube  is  known  ;  henrc  the  volume  of  the  fluid  which 
the  tube  contains  in  a  given  length,  say  in  AOO,  400,  or 
micTO-millimi^ters  is  also  known.'  This  volume  isaome  fraf 
tion  of  a  cubic  millimeter.  It  follows  that  the  volume  mult 
plied  by  the  denominator  of  that  frnction  will  equal  a  cubic 
millitnelcT.  The  multiplier  i*  written  on  a  glans  plate,  aq 
which  the  capillary  tubr  is  muuiiled.  Ilvfore  using  ibe  inolT 
meni  the  eye-piece  of  the  Diicroscope  inuat  he  escb 
an  eye-piece  rontnining  a  micrometer  divided  into  i' 
of  square  millimi-lcrs.  Then  by  means  of  a  stage  minn 
meter,  the  micruscotie  must  be  graduated,  so  that  teu  of  tl 
•quare  millimetera  of  the  eye-piece  coTTespond  exactly 
the  aihilrary  length  fSOOfi,  400;i,  or  SOO^t)  fixed  uyou. 
mark  being  then  put  on  the  ti'he  of  thi»  miemarnpe,  this 
magnifying  power  —  the 
be  esfiil)  fuunil  again,     'i        ,    ' 

*  tbii  anil,  IW  lliOBtandUi  sf  a  aullimutar.  it  oprauod  li;  liia  Oraek  , 
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vpry  simple.     The  solution  of  blood.  After  bfing  well  slisken 
io  ihc  MiziT,  U  (liKwii  u]t  into  tb*  tube  by  capillary  ntirac- 
tion,  aiid  the  number  of  corpuwlon  conttiiued  in  the  eirett 
lei^tb  of  the  tube  is  counted.     This  is 
renOered  eitrcm^ ly  euy  by  the  aid  of  the  Fio.  1. 

small  »qiiiirc«  of  the  ocular  micrometer. 
The  number  abt^ined  it  mullipbed  by 
the  denominator  written,  as  already  men- 
tioned, OD  the  glass  plate,  and  the  pro> 
duct  muUipHcd  by  100  or  200,  according 
to  tbe  strength  of  the  solution  usi;d,  gives 
the  number  of  che  corpuscles  per  cubic 
millimeter.  Thus,  supposing  that,  in  a 
ImKtb  of  dOOfj,  the  volume  =i-hF  of  > 
cubw  millimeter,  and  that  a  1  pet  cent. 
solution  occupying  tbis  space  contains 
SOO  corpuscles,  then 

SOO  X  ISO  X  100  =  4,^00,000 

the  number  of  corpuwivs  per  cubic  mil- 
limeter of  blood.  Thi>  calculation,  huw- 
erer,  ia  not  so  simple  as  this  in  prac- 
tice, since  the  multiplier,  of  course,  will 
Midom  be  a  round  number. 

M.  Ranvier,  in  his  'Trnit4^  Technique 
d'Histologic,'  says  that  this  mslhod,  cou- 
sidrring  thi>  shoft  time  it  takes,  gives,  of 
all  those  hitlierlo  kjjown  the  best  results. 
It  is  certainly  very  accurate,  but  il  has 
tvo  ^reat  disadvantages.  In  the  tint 
place,  owing  to  the  necetisity  of  under- 
taking tbe  somewhat  difficult  task  of  gra- 
dvoting  the  microscope,  the  same  Cbmpte- 
Olatn&$  must  always  be  used  with  tbe 
same  microscope  and  the  same  lens  ;  hi-nce  rl 

tia  ttsc  clinically  is  obviously  very  much 
curlailiHl.  Soundly,  the  exlieme  deli- 
eacy  of  the  insirument  is  a  serious  draw- 
back. Though  a  person  with  ordinary 
nanipulative  skill  may  Icani  to  u»e  tbis 
iostrumvnt,  it  requires  more  than  ordinary 
on  to  keep  tbe  minute  capillary  tube  absolutely  clean, 
and  this  is  positively  necessiiry,  «incc  a  minute  particle  of 
din,  or  a  few  dtieil  corpuscles  left  in  the  tube,  will  ritiate 
Ito  accuracy  of  thu  results.  My  own  experience  is  that, 
thoiq[h  1  am  able  to  make  correct  observations  with  this 
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instniin«nt   in   the    pare   >ir    of  Paria,   I   (tm    nitable 
London,  where  nothini;  ii  clean,  noi  «ron  dtitUliKl  waler.' 
to  kwp  the  lul>r  qtiite  fri-e  from  ilirt. 

Hayi^m's  method  differs  all02ether  from  that  of  MaUsseE. 
The  unit  is  arriT«l  at  by  ineAns  of  a  cell  {  mm.  deep,  ol_ 
which  an  area  of  ^e  of  a  square  mm.  is  marked  off.  Tl 
gives  u>,  therefore.  -^  x  ^V  =  rlf  "f  a  mm".  The  area 
Vb  square  inin.  (which  is,  of  cntiree,  Vs  of  1,000,000  »quar«  ;i) 
IB  ohtaine<)  by  usina;  an  ocular  inicrometer,  on  which  is  drawn 
an  oblong,  5  mm.  long  by  4  mm,  wide,  and  divided  inlo  20 
square*.  By  means  of  a  stn^  micromiMrr  ihe  microwcopn 
it  graituHtcd  m  tlint  the  •>  mm.  i-xacily  coTn-H]>ond  to  an  ob- 
jeclive  lenjitb  of  250^.  The  mixture  of  bluod  anti  the  pre- 
serrinR  fluid  is  made  at  ■  strength  of  8  per  lOOO.  Tlnj 
method  of  mixing  is  that  invented  by  Vierordl.  A  pi[>)-tu, 
holding  8  cubic  mm.,  i»  used  to  measure  the  blood ;  anothm-^ 
of  a  calibre  of  992  cubic  mm.,  to  measure  the  tiresenric 
solution.  The  two  fluids  are  mixed  in  an  open  glass  vt 
by  means  of  n  glass  rod.  The  name  rod  is  also  n*cd 
Oeposil  the  drop  on  the  slide.  The  cover^lau  i»  kept 
titu  by  the  capillary  attraction  exiating  between  two  mc 
glass  surfaces,  a  drop  of  water  or  saliva  being  ptace«l  at  the 
edge  of  Ihe  cover-glass,  and  allowed  to  run  under  il.  Th 
chirf  objections  to  this  instrument  are  the  uncertain  dept 
of  the  cell,  ihr  clumsy  method  of  mixing,  the  [MM»it>l«  dt 
vation  of  the  rover-glass  by  allowing  loo  much  waler  U> 
under,  it  and  also  the  same  objection  made  ro  Malassex's  capil 
lary  Complt-OloiuUs  jixtt  considered,  namely,  thai,  owii 
to  the  neceuity  of  graduating  the  microscope,  it  is  of  limit 
use  as  a  clinical  instrument. 

In  Gowers*  Htemacytometer,'  which  ie  a  modification  of 
Hayem's,  a  very  decided  improvement  is  made.  In  tl 
depth  of  the  cell  and  iti  the  uld-fnshioned  mode  of  mixini 
it  is  identical  with  ihnt  of  ilayem  ;  the  »olution  of  hlnuri 
used  being,  however,  at  5  per  lOOO  instead  of  at  8  per  lOllfl, 
The  improvement  consists  in  measuring  the  area  and  drawiug 
tho  squares  in  which  the  corpu^Ict  are  to  he  connird  Upa 
the  floor  of  the  ced  itself.  Situares,  with  sides  y,  of  a  mi 
long,  ore  drawn  on  the  floor  of  the  cell.  The  area  of  eacli 
therefore,  is  ^J^  of  a  sq.  mm.  The  cell  having  a  deplli 
J  mm.,  and  any  10  squares  an  area  of  7>n  of  n 
cubic  conteiits  of  any  ten  squarra  taken  wii 
will  be — 


■  "Ob  lbs  Na«ersti(M    of  Un  Bhnil-niriKiKJa*,''  hv  Dr. 
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A  X  f  =  jij  mm*. 

The  DumbcT  of  corpusclvs  oWrred  ia  ten  squarfs,  there- 
fore,  multiplied  by  fifty  will  give  (he  number  in  a  cubic 
milHincter  of  the  Bolulion  ;  and  that  mtilliplied  by  '-^"-f  will 
give  tbe  result  for  a  cubic  millimeUT  of  bUmd. 

For  exnmplr,  if  the  number  of  red  corpiiscln  counted  on 
ten  squares  i»  5O0,  the  calculnlion  is  simply 

1000 
500  X  50  X      J     =  600  X  10,000  =  5,000,000  per  mm.», 

or,  in  other  worde,  there  is  nothing  to  be  done  except  to 
add  0000  to  the  number  found  by  counting,  No  grsdua- 
tioQ  of  iln?  microscope  ia  required,  so  that  the  instrument 
cut  be  used  anywhere  and  wiili  any  lens.  Thi*  renders  it 
mow  convenient  as  a  clinical  instrument,  and  it  iit  tberofurc 
that  which  is  in  general  us«  in  tbe  English  hospitals.  It 
gitva  approximately  accurntc  clinicnl  results.  I  must,  faov- 
erer,  point  out  that  it  is  liable  to  four  serious  sources  of 
error,  which  destroy  the  value  of  obaervaliuns  made  with  it 
horn  an  absolute  and  scieotilic  point  of  view.  These  sources 
of  error  are — the  uncertain  depth  of  the  cell ;  the  incijualicy 
of  the  curface  of  the  covcr-glaas;  -llit:  method  of  placing  the 
cover-glass  on  the  drop ;  and  the  meanx  timtd  to  make  the 
mixture  and  to  place  the  drop  in  the  cell.  Since  a  paper 
by  two  American  physicians  was  published,'  showing  how 
careful  observations  mar  be  vitintci)  by  the  variation  in  the 
depth  of  the  cell  in  diffcri>nt  instruments,  the  error  in  the 
depth  has  Wen  written  on  the  slide.  In  the  Hicmacytometer 
*liich  I  baliiiually  use  the  cell  has  a  depth  of  l<J0/i,  instead 
of  800/1.  This  error  necessitate*  a  troublesome  correction 
b  each  calculation.  The  concclion  is  made  by  multiplying 
the  Dumber  of  corpuscles  obtained  by  90  and  dividing  by 
19 ;  fnr  let  a  equal  the  number  of  corpuscles  in  a  mm.' 
multiplied  by  the  actual  depth  of  the  cell, 
190,4 :  a  : :  200,<  :  x. 
This  method  of  correction  which  is  that  recommended  is, 
however,  irksome  when  a  great  number  of  observations  have 
10  be  made.  1  wi^h  now  to  suggest  that  it  may  be  alto- 
letfaet  avoided  by  diieeling  the  in^lrumcut  maker  to  gra- 
duate the  pipette  or  mixer,  whichever  may  be  used,  not,  as 
at  present,  on  the  assumption  that  the  depth  of  the  cell 
aecnrmtely  measures  ZOO/i,  and  ihccefore  that  a  solution  of  5 
' "  Bload-Cril  COontiax :  aSciiea  o'ObserTnt.innn  irilii  ilie  U^malimfilrc 
^ILM.  Hajstn  aad  N*clioi.  aud  tbe  11  ir 0101:5 to mcitRt  of  lit.  Uuwen." 
tj  Dis.  HsaiT  ■"■!  Nsuciciie. — '  Boitoa  Med.  ttnd  Surg.  Juura.,'  &pril, 
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per  1000  should  bv  tuod  to  (injure  cfirreoi  r(<«ult»,  but  so  to 
(prKduate  it  a»  to  make  a  solution  of  such  a  stn-ngth  that, 
having  previously  Bscerlainpd  the  ncttial  depth  of  (he  eril  aii 
area  of  -,'„  mm.'  mullipliod  !>)■  thi*  d^pth  shall  give  ,',  mm.* 
lu  this  way  iho  nccrvsity  for  antlitni'licnt  correction  of  each 
ob«er*ation  is  avoided,  the  special  aOjusimmt  of  thr  pip«tto 
affording  a  correction  which  applies  to  all  observaiiims  roadr 
with  the  instrument.  Thu»,  takingtnfown  IlRmarv  toroetcr 
as  an  example,  if,  intlead  of  uKing  a  5  per  1000  soJuiion.  a 
5  per  950  RoluiioH  were  used,  i.e.  5  purin  of  blood  to  94& 
of  the  diluting  fluid,  the  result  would  be  abaoluioljr  ihft  mim 
a*  if  lh«  depth  of  the  cell  were  correct,  or  as  if  the  error  weit 
corrected  by  calculation.  Thua  supposing  600  corpuscles  Is 
be  contained  in  leu  of  the  M|uarM, 

500  X  10  X  ?j^  X  ^  =  5.000,000. 

This  device  will  work  equally  well  whatever  the  error  in 
tlio  cell  may  he,  if  Ihu  following  rule  he  adhered  to:— 
Multiply  tlte  actual  number  of  u  in  the  depth  of  tbr  cell 
by  5  and  take  the  product  as  the  uumber  of  (larts  of  tbv 
solution  of  blood  and  diluting  fluid  to  be  used,  the  liunilirc 
of  ibe  parts  of  blood  remnining  constant  at  five — 

IdO/ix  5=950 
oTi  Still  more  generally,  the  number  of  parts  of  blood  being 
fixed,  and  the  actual  depth  of  the  cell  in  ft  being  known, 
thv  product  of  these  two  numbers,  minus  the  number  of 
the  parts  of  blood,  nill  giro  the  necessary  number  of  parts 
of  dilulinft  fluid  required. 

AVitb  the  pi|>ette  or  mixer  graduated  according  to  thf«e 
Tule«,  it  will  only  be  necessary  to  add  OOOO  lo  the  numbei 
of  coTpuMclea  counted  in  ten  squares. 

1  commend  this  suggntion  to  the  notice  of  all  who  arc 
using  Gower«'  instrument,  as  it*  ailoplton  will  gcestlf 
facilitate  the  attainment  of  correct  results. 

Secondly,  as  to  the  error  caused  by  the  inequality  of  the 
surface  of  the  cover-gliLSt.  Anv  ordionrT  cover-glaaa  is  used 
to  flatten  the  dntp  to  an  uniform  bright.  Now,  as  every 
htstologict  knows,  cover-glasses  are  rarvly  of  an  uniform 
flatness;  thev  are  generally  either  iligblly  convex  or  eoo- 
cave,  hence  the  layer  of  fluid  is  likely  to  be  thicker  in  lome 
places  than  in  otheni,  and  consequently  a  count  muile  id 
one  part  of  the  rell   may  gite  vet;  '   rctults  from 

one  mnde  in  another.     To  remedy  il  'in  my  instru* 

mrnt,  1  have  h^d  ((ifiund  a  perfecit)  tl  i  .^. 

Thirdly,  the  mode  of  placing  the  luut  r>-'^  "Q  tlic  i 
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b  fbully;   whether  it  is  dropped  on  horixontnllj  or  laid  on 
I  |;rnily   at  an  inclined  plane,  tlic    iiiiirorni   diffusion  of  tb«J 
'  txirpuvcl'^  ttirouiib  (he  fluid  in  diitiirbed.  1 

Fourihlv.in  th«  method  of  aiixin;;  and  placing  the  drop  on 
ibe  eel),  errors  are  caused  by  the  wliit«  corpuscles  adhering 
[to  the  tides  of  the  vcmkcU  used  for  mixing,  and  by  evapo- 
Tatioo    from  the  little  <i[K!n  ciip  in  which  the   ftoliition  is 
kept.     Further,  in  pUciofc  the  drop  on  thp  slide,  uuh^mt  the 
I  naniEuvre   is  rery   quickly   executed,   lh«    red    corpuscles 
'  (^vitatf!  to  the  hottnm  of  the  drop,  and  are  thus  deposited 
and  fortn  a  thicker  ctdlectign  in  th«  ceoirc  of  the  droi>  than 
at  the  periphery.     The  white  corpuscles  also,  by  adhering 
to  the  glass  rod,  introduce  a  source  of  error  in  estimating 
the  right  proportion  bvtwvcn  while  and  red  coriiuscles. 
It  is,  I  think,  to  I»e  regretitKl  that,  in  introducing  this  really 
.  nseful  clinical  instrument.  Dr.  Goni-rs  xhuuld  liuvc  adopted 
'  the  old,  clumsy,  and  discarded  method  of  making;  llir  koIii- 
tion,  instead  of  using  Potain's  Mixer,  the  use  and  value  of 
which    were   already  known.     Bv  this  mixer  a  solution  of 
blood  at  lOO,  SOO,  300,  400,  or  500,  as  dt-ttirvd,  is  made  in 
a  cio*ed  vessel,  evaporation  thua  being  prevented ;  th«  drop 
■  deposited  on  the  slide  whilst  the  corpuscles  are  in  rapid  mo- 
tion and  before  they  have  had  time  to  graviinte  to  the  bottom 
of  the  drop.     For  the  lust  eighteen   months  I   have,  when 
uing  GuwfTs*  Husmacytonifter,  !iub»lituti'd  PoCnin's   Miser 
in  the  place  of  the  apparatus  provided,  and  with   the  result 
of  obtaining  much  more  uniform  counts  in  different  parts  of 
the  cell,  wherew  pr«vi<Htsl;  the  want  of  uuiforinity  was  oftea 
rerr  marked. 

By  the  means  I  have  indicated,  namely,  by  correcting  the 
error  in  the  depth  of  the  cell,  by  substituting  a  perfectly  Hat 
rtner-glass  for  one  that  may  or  may  not  be  flat,  and  by  using 
Potain's  Mixer  for  making  the  solution,  a  useful  and  nearly 
accurate  clinical  instrument  can  be  made  of  Oowers' Hema- 
cytometer. As  it  is  at  present  arranged,  the  reaulti  obtained 
1^  it  arc  often  misleading,  unless  the  mean  of  a  great 
numbnr  of  counts  be  taken.  Single  ohavrvalions  arc  likely 
to  lead  to  the  most  fallacious  conclusions,  and  are  nut  at 
all  trustworthy,  whether  for  scientific  or  clinical  data. 

Id  Ma]a)M-z's  new  ComptcGlobv/et  he  has  adopted 
tbc  great  improvement  introduced  by  Gowcri,  of  drawing 
the  squares  on  the  .lurface  of  the  slide.  He  bus  more- 
over succeeded,  by  many  ingenious  conttivanoes  in  care- 
foUy  Kvatditigallihe  sourcesof  error  in  Ilayem's  and  Oowers* 
instnimentM  altovc  enumerated,  to  several  of  which  I  had 
oeawion  to  call  hi*  attention.     This  new  uicromhtric  oba- 
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nriTCI)    C0IIPCSCLK-«Oi;ilTEK    with    WKT   CBAIfBSB    (1 

GloimJet  it  eAaiaAnf  humiiir  gradu^r  micrwuWri'^we') 
of  a  thick  uick^l  slide,  in  the  centre  of  which  i«  «  cimilu 
KTOOve  enclosing  n  kUbs  cylinder  about  a  centimeter  in  dia- 
meter. Outside  this  grooTe  ftre  three  pointed  metal  screw*, 
rtiuiiliftant  from  each  other.  The  elevation  of  these  poiota 
above  the  anrfaoe  of  the  tnetal  slide  is  exactly  |  mm.  Id  the 
centre  of  the  glas«  surface,  limited  by  ihr  grxxtve,  xra 
drawn  the  Hjuares,  in  which  the  corposctes  are  coonled. 
'lliesc  have  a  tide  of  to  mm.,  and  tli«7  Krs  arranged  in  pfroufM 
of  SO,  each  group  having  m  length  of  ^  ="  j  mm.,  and  a  width 
of  A  Kj-  nun.,  and  ao  area,  therefun-,  of  |  x  t=A  *qttare 


?io    i. 


mm.     Each  granp  of  20   squares    ts  separafed    from    ad- 
jirining  group*  by  a  iloulile  line  [Fig.  S).     The  jwripheral 

'  "  8ur  lea  Peifn:ttiinBem«Bt>  Ini  nla*  rtanli  tfvaiiht  bhi   UrtkiulM 
ei  aia  Appanik  dr  NuwtoatiBB  An  utahulM  Siafiiina.  M  lar  an  aum 
Chai1>ln-Gl>.liultB,"  fmt  h.  UakuM, '  Arab,  dn  Hi;.' 
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rru  of  ihe  rulird  spncit  «rc  simply  divided  into  reclanglrs, 
nan.  lonjj  ant)  \  mm.  iriilfi,  Tlic  TOver-glaes,  which  is 
Ifromx)  Hrrurately  fiat,  ia  &ltacheil,  by  moi^lvning  the  c(lgp« 
•rightly  with  snliva,  to  n  frame  fixed  to  the  »idfs  of  the  slide. 
Bj  la  ingvniuu*  and  dvlicoti:  rack  nioTemenI  of  this  frame  the 
tonr  ghiM  is  iuwvrad  without  di;U)-,  nnd  in  a  horizanial posi- 
fiM  down  Qpon  the  drop.  The  slide  carrying  the  frame  is 
ttptncnud  iu  Fig.  3. 

Pio.  3. 


Tu  make  a  QTimprotion,  the  soliilion  is  made  in  I'utain's 
Mixer  at  thi-  strcnsth  of  1  per  KH),  200, 300,  4O0,  or  500,  as 
^irvd  ;  ami.  nliibi  hetng  rapidly  agitated,  k  drup  is  placed 
the  reniff  of  the  ruled  space,  and  the  cover'sla&ii,  having 
.  i^n  nreviously  attached  to  the  frame,  w  Toweieil  and 
'ili[i,'M>d,  so  as  lo  rest  tirmly  on  the  points  of  the  fcrcws.  To 
pn-vrut  o'aporation,  if  desirvtl  to  ki*<'p  iIik  prrparaiion  any 
JvRgih  of  time,  a  drop  of  wuicr  should  be  placed  at  the  edge 
oT  the  ruveT'^lut^,  and  allowed  to  ma  under  nnd  fill  the 
TCCant  space  between  its  «dge  and  the  groove.  The  red 
eorptuclcs  that  are  lying  within  a  groun  of  SO  Mjuares 
■TO  thvn  counted.  Tiies«  !20  squares,  it  will  be  remembered, 
re  an  area  of  Vo  D>m.*,  and  the  depth  of  tho  fluid 
ox  i-  mm.,  the  f|UnDlity  of  the  solution  under  review  will 
1*0  X  1  ^xio  of  *  mm/  The  number  of  corpuscles  seen, 
tcfure,  has  to  bo  multiplied  by  100,  and  then  again 
hy  the  numWr  tepresenling  the  sircngth  of  the  solution,  and 
the  prudui-t  will  be  as  before  the  number  of  corpuscles  in  a 
millimetet  of  blood, 

us,  for  example,  lot  the  solution  be  1  per  200,  and  let 
ipuacleti  lie  found  on  an  ares  of  iV  mm.';  then — 

E50  X  100  X  800  =  5,000,000. 
Tims,  to  the  numbcT  of  corpuscles  counted,  if  tb«  solution 
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be  1  per  cent.,  it  is  oulj  nec^ssarT  to  add  OOOO,  but  if 
the  atreiiKlb  of  the  soliitioD  be  Ic^s  it  is  iicc«*urj  to  multiply 
th«  Dumber  of  vorpu^vW*  by  thv  figtire  irprvx-nling  th« 
dilution  )>efon!  aildiiig  0000.  Tu  (!oriectlj  eatimkU) 
the  number  of  while  corpuscles  per  cubic  millimeter  a 
muck  larger  area  must  be  ukeo,  and  for  ibia  puipo«e  thtt 
rectangles  of  I'g  square  mm.  have  been  draim  on  the  elida. 
The  number  of  while  corpiisclea  found  in  t*n  of  the««  " 
rvetangles  must  he  counted.  If  in  &  1  per  cent,  solution  < 
number  of  white  corpuscles  in  ten  of  these  large  recuni 
K  found  to  be  thirty,  then  wc  know,  as  above  shown,  tl 
the  volume  of  the  Holutivn  counted  is — 

10  X  ^j  X  -t  or  10  X  tJo  =  Vo  n"".* 

The  ttatnber  oounted,  therefore,  multiplied  by  10  and  tbf 
by  100,  will  gire  at  once  the  numWr  of  while  cnrpusplcs  la 
m  cubic  mm.  of  blood;  or,  in  other  words,  it  ■»  only  neei.-s- 
sary,  for  a  one  per  cent,  aolution,  to  count  and  add  OUO. 
For  example : 

30  X  10  X  100  =  30,000. 

This  method  of  estimating  the  number  of  whitfr  eorpnel 
will  be  felt  by  every  worker  at  this  subject  lo  be  a  gre 
gain,  for  on  this  point  none  of  the  previous  instruments' 
gave  any  but  the  rougbrst  approximate  resultH,  likely  to 
give  rise  to  the  most  delusive  eonelustons.  To  «um  np,  the 
ndvantai^s  of  this  new  Compte-GMuUt  over  that  first  intro- 
duced by  .M.  MalasHPit  arc  that  it  can  be  used  eltnieally 
with  any  microscope,  that  no  particular  skill  is  mjuircd  lo 
OM  it,  and  only  ordinary  care  lo  keep  it  clean  and  in  order. 
0«er  other  efinieal  Corpuscle- Counters  it  poMease*  the 
merits — of  mnktng  the  biyer  of  fluid  accurately  ^  mm.  in 
depth,  so  that  there  arc  no  coTirclions  lo  make;  of  bnring 
the  pquarea  niled  to  the  smallest  sixe  yet  found  pu:isi)ilr<,  *q 
that  the  num«-Tation  is  exceedingly  easy  and  not  fatijcuing 
to  tb»  ey<-«ighl ;  of  making  on  esnct  cumpnlntiun  of  this 
number  of  while  corpuscle*  per  cubic  mm. ;  and,  lastly,  by 
means  of  the  rack  movement  of  the  carrier  of  tbi?  cover- 
glass,  and  by  the  um  of  the  Alclangeur  I'otain,  of  preaervinft 
the  homogt'nriii  of  the  drop  when  placed  on  the  alldfi  and 
flattened  to  the  dejiih  of  |  mm. 

The  [MinntinK  of  bluod-corp<i<icleB  is  now  so  i-nmmou  and 

friijufni  nn  operation  in  clinical  medicine,  and  iia  <alur  in 

ns^isting  diagnosis  and  treatment  is  so  well  recognised,  that 

fed  sure  that  insivience  on  the  minui«  doiaJU  and  ccnipu- 


MICKUMBTXIC   Nt'MltKATlOV   UF  THE  BU>01>-CUKFUICLBS.     HI 


loot  car*  necmiiry  to  vntuni  correct  and  reliable  mulls  will 
not  be  thought  trivial. 

Corpuscle  rauniiii^  i»,  however,  only  one  Mage  in  th« 
optical  iDvestiiJiitioti  into  the  state  of  t)iv  blood.  To  arrivu 
at  an  opiaion  on  which  diiif^noeis  and  (reaim'-nt  rchould  be 
bawdi  it  is  iicceasary  u>  ettiinatu  the  amount  of  Lcemuglobin 
as  well.  In  au  elaborate  pa{>er'  of  Mnlimspz  (of  which  I 
published  an  abstract  in  the  'London  Meilicnl  Kccord  '  of 
iB7Uj,  all  the  various  methods  employed  for  esiiinaiing 
luEmoglobin  are  described  at  length.  In  nenrly  all  of  these 
an  arbitrary  standard  of  colour  is  takeu  as  normal,  and  the 
blood  to  be  examined  is  compnred  with  it.  In  M>I»)i»ez'a 
HmiochiomometvT  there  is  no  arbitrary  standard ;  each 
degree  of  the  coluuml  Mamlard  solution  to  which  the  blood 
ia  compared  rorretiponJH  to  a  blood  coniaitiiiij;  a  certain 
catimatcd  amount  of  htemoglobin  per  cubic  mm.,  and  having 
tbe  itower  of  abeorbinjf  a  certain  known  Btnouut  of  oxygen. 

These  figures  have  all  b«^n  a^certaitied  by  a  pn-lonj^ed 
series  of  cxpcrimrnt*;  hen-  therefore,  there  is  no  gucttsing 
that  the  amount  of  hnmoglobiu  may  be  above  or  below  the 
DOnnal,  for  we  are  able  to  ascertain  the  actual  amount  of 
fateEooglobin  in  a  cubic  mm.  of  blood,  and  also  the  reepira- 
tory  power  of  the  same  unit.  But  M.  Malasscz  points  out 
that  it  is  not  only  iiccetsary  to  ascertain  the  amount  of 
bsemoglubin  per  cubic  mm.,  but  that  we  should  learn  in 
what  state  of  division  it  exists,  namely,  what  is  the  amount 
contained  in  each  corpuscle.  WcUkcr  considers  that  there 
is  always  a  constnDt  relation  phjsiulogically  between  the 
richoees  of  the  blood  in  corpuscles  and  in  hcempgluhin ; 
Hayem  and  Johann  Duncan  have,  however,  discovered  that, 
pathologically,  particularly  in  auicmia  and  chloroBis,  the 
relations  arc  disturbed,  the  number  of  corpuscles  often  rest- 
ing normal,  the  hemoglobin  being  less  than  normal.  The 
way  of  arriving  at  the  amount  of  baimoglobin  per  cor- 
puscle is,  by  M-  Malassex's  method, extremely  simple.  The 
number  of  eurpusclea  in  a  cubic  mm.  of  blood  is  first 
counted,  and  by  the  birmo<'hru  mo  meter  the  amount  of 
hmnoglobin  per  cubic  mm.  is  cslimaled.  The  latter  figure 
divided  by  the  former  gives  the  amount  of  haemoglobin  per 
corpuscle.  Thus,  a  blood  containing  6,000,000  corpuscles 
per  cubic  mm.,  and  0'125  mlgr.  of  hemoglobin  per  mm.* 
gives  jyjiVoo  =  000,000.020  mlgr.,  i.  e.  ,,ft„Vo60  of  » 
i.asi.BDO  "^   "    gramme,    or,    as   it  is  commonly    written, 

*$ar  [csdivcrtwMJlitodct  de  DoMin^  <le  L'Himoglubine  et  snr  an 
teHiTcau  ColsninJlie.'*  psr  L.  Ualw»», '  AnA.  de  Phy.,^i877. 
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S5pfi^.  The  result  in  terma  of  fiftgr.,  ttonrev^T,  may 
found  in  K  motnvnt  by  simply  dividitig  125  by  fi  =  2C,  i 
disregarding  «ll  ciphers. 

In  an  exiremnlj  interesting  research,*  M  Matassra  foui 
that^  patholot^icallT,  the  estimation  of  the  hEemoglobio 
COrpOMle  gnve  very  Hignifiratit  inOicalionn.  In  a 
which  he  quotes,  of  chlorosis  which  im|iToved  under 
nieni,  the  actual  number  of  corpuscles  per  cubic  m  _ 
diminished,  the  amount  of  hseinoglobin  per  corpuscle,  almost 
doublin);,  however,  in  the  tame  timv;  mere  corpuscle 
counting  hcr«  would  have  given  an  erroneous  inference.  la 
a  series  of  experiments  on  fonls  kept  first  at  liberty  in  the 
open  air,  and  then  in  unhealthy  conditions  in  a  courtyard, 
it  was  found  that  (hough  the  corpuscles  did  not  notably 
dimini.ib  in  number,  the  hacnu^lobin  per  corpuscle  fell 
from  4ti  fin  gx.  to  33  fi/i  gr.  On  examining  a  great  nnmber  of 
animals  be  found  that  the  lower  in  the  scale  one  descends 
the  larger  the  amount  of  htemoglobin  per  coqiusclr,  so  that 
it  might  I>e  too  hastily  assumed  that  the  blood  of  ihu  lower 
animals  was  richer  in  hirmo^lobin  than  that  of  the  highrr. 
At  one  end  of  the  scale  stands  man  with  a  mean  normal  of 
SOftn  gt.,  and  at  the  oifacr  the  Proteus  with  i066'6  /in  gr. 
But  the  curpui>clr  of  the  Frotcuii  is  127  lime*  tlie  Toiume 
of  ihat  of  the  human  subject.  The  true  ratio  belwetn 
them  can  onl;  be  seoertained  by  knowing  the  amount  of 
hamiDglDbin  contained  in  nn  unit  of  corpuscular  substance. 
The  unit  taken  is  (^.  To  obtain  this,  the  Tolume  of 
the  corpuscle  must  be  known.  Wclcker,  by  an  vlnborste 
process,  ascertained  the  mean  volume  of  the  corpuitclcs  of 
a  few  animals  as  standards  of  comparison.  These  measure- 
ment* Ix-ing  accepted  as  accurate,  tlic  umount  of  hsmoglohin 
per  corpuscle  is  divided  by  the  mean  volume  of  iho  corpuscles, 
and  the  product  is  the  amount  of  bwmoglobio  per  /(*  of 
coTpuAcular  snlwtanoe. 

From  the  following  table  it  will  b«  seen  that  though  ll 
quantity  of  hemoglobin  per  curpu>«lc  may  inrrcase  from 
higher  (o  the  lower  animals,  the  true  ratio  of  comparison  ? 
the  unit  of  corpuscular  richness  in  haMuoglobiu,  and  UiBt_ 
this,  on  (he  contrary,  rises  in  passing  from  the  lower  lo 
higher  animals: 

Welcker's  ingonioua  method  of  ascnUintng  ihu  value] 

>  "Sot  li  BiciKue  ea  tl^oslofaiM  des  GlolMlea  rotun  ihi  Sue,"  i 
L,MskMB*,.Aich.  Orrhj.'  * 
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die  rolume  of  ibe  corouscle*  in  /t*  U,  however,  quite  out  of 

the  question  in  cliniHl  work,  and  ott  tio  simpler  method  has 

at  prewDt  bcvD  (Ivvisfd,    nu   muvl  it  itppciirs  to  me,  be  nt 

present  content  to  ascertain  the  mean  area  of  th«  corpun- 

cles  in  (t*,  and  to  take  as  our  unit  of  corpuscular  substance  fj' 

mnltiplied  by  the  unknown  thickness  of  the  corpuscle,  on  the 

ataumption  that  this  »  uniform  throughout,  and  alwnys  the 

e.     Actually  we  know  ihia  not  to  be  the  case,  as  normal 

iiudes  are  biconcare  and  not  flat,  and  in  pathological 

litions    they   vary   in   form,  and    possibly  in    thickness, 

loweTer,  let  (he  constant  representing  the  supposed  thick- 

^Bens  (or    more  accurately  the  factor    by  which  we  should 

tnuliiply  the  diana-tcr  to  obtain  the  volume)  be  called  r. 

Our  arbitrary  unit  of  corpuscular  subitance  will,  thvrefoir, 

be  rp*.    The  resulta  in  the  war  of  compaiison  will  only  be 

liable  to  enor  in  so  fat  na  the  corpuscles  vary  in  thickness. 

I  As,  howerrr,  this  variation  is  ini  measurable  by  our  present 

[instmments,  it  may  be  taken  that  the  unit  rf<-  will  give  for 

fall   practical   purposes   a   suflicieiit   approximation    to   the 

troth. 

To  obtain  the  mean  area  of  the  corpuscles  in  any  given 
specimen  of  human  blood,  the  mean  diameter  of  the  cor* 
ptucle«  must  first  be  ascertained.  A  simple  method  of 
ttblaining  this  is  to  graduate  the  microscope  so  that  an  image 
Ibrown  by  the  cnnirru  lucida  at  a  certain  tlsed  distance 
MMgnifie-*  riaclly  1000  dinnieters.  Tin-  corptii>cK-«  having 
been  rapidly  fixed  and  dried  by  exposing  thi^iii  to  tlnr  action 
of  beat,  or  better  siill,  to  the  vapour  of  osmic  acid,  their  image 
is  thrown  by  the  camera  lucida  on  to  white  paper,  care  being 
taken  lo  correct  the  errors  of  refraction.'  The  outlines  of 
the  corpusides  are  then  traced  in  pencil,  and  their  diametrra 

■  '  Kate  tuz  U  Meaure  iI«b  OrowiBseineats  Hidroseopiqac*,'  par  L 
M>hi«et.  '  (^orttMwa  dn  D^ronnattons  produUsa  par  fcs  ClisnilirM 
Cuina  de  Uilac-IUiisrds  c«  de  Kscbet,'  par  L.  Malssses. 
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measured   by  a  tnilliineter  rul«.      The  resultiDg  Dumbrit^ 
pWe  the  (iiauieterH  of  thii  corpuscles  in  micio-millioietc 
Of  course  the  mpan  of  a  grrnt   iitinibi'ir  of  mrnsurcmeof 
must  be  taken.     I  generally  lake  the  mean  of  Sfty  meaani 
menu.      The  area  iii  f^  is  obtained  by   the  well   knov 
formula  of  wt*. 

To  take  ao  example : 

Let  7'60^  =  the  diameter  of  a  normal  corpuscle ; 

and  S'8^  =  the  radius  :  then 

irr*  =  ».  14-44^'  =  46-S6^». 

4d.  S6;i^  is  therefore  the  area  of  a  normal  human  corpuacU 
To  obtain  the  unit  of  corpu»cu1ar  richness,  i.e.  the  amoai 
of  humoglobin  in  a  volume  of  r^i*,  the  smouut  uf  lucmo^ 
globin  p^r  cor^iuscle  muai  be  diviited  liy  the  nrea. 

In  the  following  table,  which  I  have  prepared,  these  cal- 
culations, and  others  to  which  reference  has  been  made 
abore,  have  been  worked  out.  The  number  of  corpuscles  la 
a  cubic  millimeter  is  taken  as  invariable  in  the  esamplrs  of 
normal  and  anicroic blood  (this  ia  not  infrenueotly  the  caxirj; 
all  the  othrr  figures  vary,  however,  from  the  normal  in  dif- 
ferent (I<-erres,  the  unit  of  corpuscular  nehne.ts  bviuf;  Snallj 
the  only  lii;ure  that  ^vca  the  exact  ratio  between  the  nc 
and  patholugical  state*. 


1W  COfpBMlw  (a  B  BM- 

ml  Mai*  or  b<BltIi  . 
nitinilt*m  of  tlw  Biw 

of  tW  WTlWMrit 

Markfit  unmtia,  with 
Imvw  of  the  KM  «f 
tbaovpnack   . 


PatliologirAtlT  ihcfu   exact  or  miniiie  onalyMv  atv  inH 
iulvmiing,  (huugh  their  iintcome  clijucally  and  iheraumt 
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csUt  is  yet  obscure.  But  we  may  hope  that  a  minute 
■tnay  of  the  state  of  the  blood  in  the  cachexia  of  cancer  aad 
•yphilis,  in  pernicious  and  simple  ansmia,  in  chlorosis  and 
leucocythsmia  and  in  other  wasting  diseases,  may  lead  to 
ui  exact  knowledge  of  the  pathological  changes^  revealing 
the  caiues  at  work  and  that  this  knowledge  may  form  a 
ntional  basia  of  treatment. 
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FuLnaKABT  AccorsT  of  Ue  IhvELOpmacT  o^  He 

B;  W.    B.  Scott,    M.A.,    Auiata&t    u  Palanotalogf, 
ninceton,  Xcw  Janej. 

For  atulj  a  year  (1S79-80)  Iw«a  oocnpieil  in  IhftlabanUMr 
of  ProfcavoT  Qegcnbaor  in  working  out  the  dcvelopmenl  of  w 
LompKjs,  the  resdts  of  which  iovnttntioas  will  ap]'-  t 

in  a  more  extended  fofm.     It  seemed,  nowever,  ilesim  _  -e 

a  preliminarj  accooot  of  the  results  which  have  been  obtaiudy 
in  order,  as  far  as  posttblc,  to  direct  the  attention  of  mor- 
phologints  to  the  general  character  of  the  devekipment  of  this 
unpottant  and  little  understood  gronp  of  Vertebratea.  Profceaoc 
Gegenbatir  very  kindl;  plaiced  at  my  diapostl  Uw  ^ileodid  waS^ 
rial  which  warn  »o  laboriously  and  ■kilfully  collected  and  pmarodl 
fay  the  Ute  Dr.  ('alberU.  I'^iis  conviita  of  an  imracii^e  tenea  of 
prwerred  embryos  and  lame,  and  of  many  tfaouiaail  prepared 
Mctioiu ;  and,  in  additton  to  these,  1  have  further  obtained  i 
fine  serifs  of  hnm,  for  which  I  am  indebted  to  the  fiiendly  offien 
of  Professor  Wicitcnbcim. 

Since  the  publinltoa  of  my  little  article  in  the  '  Zoologisdur 
ADzeiger,'  188(1,  No.  G3,  1  have  obtained  an  artieh*  by  Pro- 
fesson  Kupffcr  and  Bcneckc,'  which  has  made  it  neceaaary  to 
ihersligfally,  thoogh  not  caaqitinlJy,  tbo rtateaait  couctraing  the 
mattmaion  <^  the  otddi  contained  is  nr.  paper.  According  lo 
Calherla'  the  conTcruon  of  the  germiDaf  reside  into  llie  funale 
[»o-nnclcaa  takes  place  simultAncoaily  with  the  metamoiphona 
of  the  larva  into  the  sexual  animal.  I  wna  led  to  doubt  this 
itatement  for  many  reasons,  and  believed  that  the  germinal  vaicic 
persisted  nncfaanmd  onti)  nearly  the  time  of  laying.  This  reNull 
»  fully  conlirmcd  aud  extended  by  those  of  Kupller  and  Ueoedce. 
According  to  ihoe  Dbscrrcrs  there  are  two  jwUr  bodies  farmed, 
oiw  before  and  one  after  imprcgnaltuu.  Ttic  one  which  I  men* 
tioned  as  being  present  in  the  uvum  already  segmented  lotu  ftmr 
ouresponda  to  the  latter  uf  these  bodies.  The  first  of  tbem  I 
did  not  find,  is  no  fresh  material  of  the  ptoper  stage  was  ac- 
cessible to  me.  AcGordinK  to  Kupfler  and  mutekc  this  first 
polar  body  is  a  nucleus-like  body  surrounded  by  a  mcmbraue, 
and  embedded  in  granular  protoplasm ;  it  is  twsriy  olwxys  ee- 
oe&tric  in  poiiliuo.  The  authors  just  mentioned  ooasidec  it 
highly  prohihle  tUst  this  body  it  a  dctiTation  of  the  germinal 


'  C.  Kui  JTrr  uiil  II.  Rcoceks, '  Dtr  Voigang  Jn  Betnie^laii;^  na  Et  itt 
oevna. 
'  E  :  acUbuiipnaiiif  bom  £t  na  I'ttigaqmn 
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raXLIUIKjlBT  ACCOCNT  OP  DBVItAPIIBXT  OP  UUPKITI.    li? 

VMi'ele.     In  «bort,  the  Butuntion  or  the  tgg,  it  Hcems,  oSan  no 
nu^  great  peculiaritim  as  Calberla  oujipoMiJ. 

&)fnuntaiioit. — According  to  mr  results  tbia  proceas  talcMJ 
place  u  iiu.  Schultzu'  bas  described  it,  i.  e.  ats  in  tba  case  ofl 
the  frog,  or  ratber  tbat  of  tjic  iicwl,  aud  not,  n»  Calbt-rU  su|ipoaed|  I 
ia  such  a  iray  thai  cpiblasl  and  h/iwbliMl  arc  distiiigui»L<:(i  by  Ibf ' 
fint  division.     At  the  end  of  segmeatation  th«  ovum  i*  Terr 
nmilar  to   that  of  the  triton,  or  riorgcon,  of  a  correspon(l> 
tog  alage.     Tbcrc  «ic  two  kiaJs  of  blulomcrea,  tlic  InrgcT  form 
^  Uie  lower  half  of  the  egg,  the  tmaltcr  ones  lliv  uppi-r  half.     The 

rntity  of  food-yiilk  isTeta  tban  in  the  eggs  ju>t  mentioued ; 
■egmeDtation  cavitv  is  extiaordiitarily  large,  and  lies  almoAt 

'  fBtirelf  in  the  upper  Wf  of  the  egg  j  ila  cover  is  made  up  of 
Mreral  hntt  of  cellf,  of  which  odIj  the  cxttriur  will  dmclop 

,  talo  epiblait.     The  pre>enc«  of  cells  iu  ihc  roof  of  the  aegmentn- 
tion  Mvitj,  which  will  erentuallj'  belong  to  hypoblast,  occurs 
othervilconlyinauchegga  as  hare  a  very  Tai^ e  quantit;  of  food-  i 
Tolk,  «.  ^.  that  ot  M^^tnter.'    In  general,  cpibla»t  and  tijrpo- | 
bhut  arc  roughly  di^tioci  at  the  cud  of  segiaeDtatioii,  but  (he 
■tmt  ditrrri-iilMlioii,  us  wdl  aa  the  foundation  of  the  mesoblast, 
it  produced  hy  the  well-known  proeeaa  of  in  vaginal  ion.     This 
»  preeeded  bj  the  thinning  oot  of  the  roof  of  the  segmcutAtioa 
flavity,  which  now  consists,  for  the  greater  part  of  its  cstoot,  of 
a  ainglc  layer  of  cells.    The  inragiDatton  is  picciaelx  suniUr  to 
that  of  the  newt.'    Bjr  thismeww  are  formed  iii  the  Daediou  dorsal 
Kdo  two  bjara  of  cell*,  the  rpi-  and  hypo-blast,  whilst  on  the 
ndcs  we  And  tbeae  two  and  a  third,  the  mesoblast.     In  the  licad 
and  anterior  ]>irt  of  the  body  the  germinal  layers  arc  formed  onlj  i 
tn  this  way,  while  in  the  greater  part  of  the  body  the  ventral 
inrt  of  the  maoblast,  and  by  far  the  greater  portion  of  the 
iTpobhuit,  arise  by  dilTerentiatian  of  the  yolk-oells. 
This  deaeription  of  the  formation  of  the  germinal  Infers  is 

,T«y  different  to  that  whioh  CalberU*  gives.     ITic  discusBiou  of 

■  Idi  views  would,  however,  lead  us  too  far,  aud  «o  it  must  be 

I  can  oompletcW  confirm  Calberia'*  results  ts  to  the  formatioa 
of  the  notochord.  It  is  formed  from  the  invaginated  hypoblast 
alone,  bat  nbni  it  becomes  detached  from  this  layer  it  grows 
Rnuiderably  further  forward  iu  the  htad  than  the  hypohlut  of 
tits  aUmeatarf  caoal  extends.  j 

■  H.6dnillie.'DieKalwickluDgroaP*tf«DiTwnFlsncri,'naarlctD,  )H36. 
*SalcBak7, 'DerekipBtatoftbeSnrgcoD'tnuMian},  Tut  l,Kiuau,l!i79. 

*  Soutt  asd  Oiboni.  "On  twine  Poinli  in  Iho  Karlj  Develiipni«Dt  of  Uio 
Sewi,"  ihi*  Joomal,  1179. 

*  Cslbcri^  "  7Mr  KolwioUuuc  das  Uedullvolires  uuii  der  Cltonla  dor- 
ula,  tic,"  *  Uorph.  Jaliibuob,' Bd.  ui. 
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'  The  ftHmenUry  cftvilir  (Urflannhohle)  u  formed  bjr  jnTaffua- 
tkm.  In  Ihe  beu  region  this  cavitj  becomes  the  lumen  of  Uw 
liemuwnt  alinentan  caual,  bat  in  the  body  Uiue  miitrA  ■  nnr 
and  macfa  U^r  luinra.  The  bIssto)>oTc  u  eado«ed  hj  Uw 
ncdnUuT  fuUs,  ntxl  a  MorO'enUric  canal  it  thus  hrmcd. 
Frornwr  Deneeke'  has  alreadj  discovered,  tfae  anas  is  ■ 
formation. 

Tbe  wite^al  «iefi»  arise  as  diverticula  of  Ibe  liypoblsat 
of  the  throat  (omrds  the  external  skin,  which  b  rwothed  at 
thefe  poinU.  .\t  a  inach  later  period  a  shallow  sinking  of  the 
epiblaat  is  fonned  mto  *hicb  ail  the  gill^dita  ofien.  It  is  pUia, 
therefore,  that  the  epiUist  haa  no  share  in  the  ftmnatioD  o(  the 
gills,  which  arise  as  vascular  pnecMcs  of  the  walU  of  Ibew 
otvetticula.  Sigki  pairs  of  diverticula  arise,  of  which  the  fint 
pair  very  soon  disappear,  and  m  &r  as  I  hare  been  able  to 
discover,  never  pierce  the  skin  at  aU ;  and  I  coold  not  find 
traces  of  tliem  in  larw  more  Uiaii  a  day  or  two  old.  The  arch 
of  the  first  pair  bears  no  {fills,  but  its  presence  is  very  im- 
portant for  toe  proper  onderstaodiag  of  the  skeletal  snil  other 
parla  of  the  bead,  ta  well  as  for  the  settlins  of  ihc  dicpstnl 
nnestwn  of  the  systematic  poaitian  of  the  Cyclostamata. 
rnfesMt  Huxley*  has  described  a  hyomandibolai  cIcTl  in  qoite 
old  larvie,  but  1  have  not  bwn  able  to  verify  his  observatioaB 
on  this  point. 

'Hie  mij-fui  is  at  first  completely  filled  up  with  yoQc-oells, 
which  do  not  begin  to  be  abacrbrd  nntil  the  larva  has  resched 
a  kDfflh  of  about  fi  mm.  In  the  front  end  more  cells  arc  ab- 
nrtxM,  in  the  hind  parts  nrj  few  dMappear,  and  the  epitbelinn 
of  the  alimentary  canal  is  at  fint  lemarinbly  high,  but 
the  cells  gradttaliy  become  very  much  flattened.  A  deep  fold  in 
the  wall  of  the  mid'sut  makes  its  anpetrsnce  in  larrv:  of 
7  nm.,  in  which  fold  there  ie  a  special  aj^gnntion  of  mea 
oells.  This  fold  is  tiie  valve,  and  is  vet;  similar  to  the 
of  CStbuera  as  well  aa  to  the  first  rudinoit  of  the  spiral 
in  the  Elasmobranchs. 

The  kiMtiful  b  distingaished  from  the  mid-gut  by  the 
absence  uf  the  valve,  and  further  by  the  circumstance  that  it 
loses  the  yoIk-cel''  •ri^'Vli  fii:  ii  m  h  rery  early  period.  "?'''•■  ''w 
embryo  is  still  '  ".lioo  to  the   {unci 

excrdury  organs,  "iitii  a;  ■  lop  an  opening  into  inc  cjidfl 

gut  and  throDgh  the  anus 

In  geaeral  tl  niav  he  eaul  liuit    I'  ':lJirv  canal  •(!&»  t 

gradual  degenrrntion  in  the  oonrw  '^imi'iil.     I'fae  canal 

IP  relatively  bluest  and  a>u*t  imptirtant  in  tarnn  of  7 — 10  mni^ 

>  IlMKta,  imlad  by  K«dbr,  'ZQuk«.  Artseicn,'  Nb.  o1 
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vfaile  it  tiu  beconM  extremcljr  small  in  the  wxiul  aaimal, 
and  is  almost  obliterated  bj  tbc  dtormoaelf  swollen  genital 
glands. 

Tlie  moufA  is  oue  of  tbc  most  jiecoliar  organs  of  the  entire 
organisin,  and  in  its  d<:veIo[imc'tit,  I  believe,  the  key  to  many 
of  tbe  {leculiaritiea  of  the  Cycloatomata  is  to  be  found.  It  aritcs 
u  ■  tiniplc  sinkins  in  of  the  epiblasi,  which  becomes  gradually 
deeper  ontil  it  fiiuJij'  touchv*  Uic  hjpoblusl  at  the  blind  aoterior 
eod  of  the  alimentary  canal.  The  oest  step  is  the  pi-rforatiou 
of  the  two  membranes,  vhicb  seems  to  lake  place  in  tite  ujiual 
«aj ;  bat  I  hare  sot  bct^n  able  to  follow  all  the  steps  in  the 
process.  Tbe  great  peculisriticy  of  tin:  iii»ulli-[iart«  which  we 
BBve  nenlioned,  lie  in  the  lips,  &c.,  which  surrLiund  the  cavity, 
and  will  be  more  properly  treated  of  in  connection  with  the 
mcsoblut. 

The  tjudermi*  is  at  first  single-laycied,  and  does  not  divide 
ildelf  into  two  lament  until  after  the  balchinu  of  the  lurvn. 

The  central  nercoM  tgtiem  has,  so  far  as  the  earlier  stages  are 
ooDccmcd,  been  caretiill}-  invcsUgstod  by  Calberls  ('  Morpb. 
Jahib.,'  Bd.  iiij,  and  I  can  confirm  His  results  in  all  points,  except 
that  tbc  divijtioii  into  two  layers  of  the  epibla:<lic  cells  concerned 
in  the  formation  of  the  oerebro-spinal  axis  does  not  seem  to  be 
so  clear  as  he  made  it  onl.  h.  shiillow  groove  appears  in  the 
dorsal  sai&cc  of  the  embryo,  and  the  cpibust  cells  m  the  ncigh- 
bowfaood  of  this  groove  bcjcin  to  divide  tbemsclve*  rapidly  into 
two  hiyer?,  and  by  their  multiplication  form  a  strong  solid  keel 
which  projects  inwarda  towards  the  hypoblast.  The  keel  is  soon 
detailed  from  the  general  cpiblast,  becomes  oval  in  section,  and 
iqran  the  fourteenth  day  after  hutching  develops  a  lumen  by  the 
•cparstion  of  some  of  the  cells.  Such  a  peculiar  formation  of  the 
Dedollai;  cord  is  to  be  found  only  in  the  Tclcosleaua.  Now,  it 
has  been  an^iested  by  other  investigators  tliat  the  Telcostcan  egg 
has  undcrgtmc  a  reduction  in  bulx  through  the  partial  loss  of 
tbe  food  material.  If  we  assame  such  a  reduction  in  bulk  in 
the  egg  of  PeinrnyzOH,  wc  shall  be  able  to  explain  not  only  the 
sarprising  oorrespondcacc  of  two  such  widely  separated  groups, 
but  also  the  prcscuce  of  hypobUst  cells  in  iJie  roof  of  tne  »eg- 
OKntation  ovity  in  the  egg  of  PelnmjfxvH,  which  is  supplied 
ttilfa  sudi  a  amidl  amount  of  food  material. 

The  Imiit  arises  at  fir«t  oa  a  dub-sbupe«i  avellins  of  the 
anterior  end  of  (hn  nervous  axis,  and  is  very  small  and  simple. 
Soon,  howcvi-r,  the  rudiment  becomes  divided  by  shallow  cun- 
Mrietioui  into  three  divisions,  of  which  tbe  posterior  is  by  far 
the  longest,  the  anterior  tlie  sborlcsl.  The  wjIIs  of  the  b  yin 
are  everywhere  uniform  ;  thickenings  and  Ihiimiuga  of  Bepar-ilc 
parts  do  not  occur  till  a  much  later  period.     The  rudiment  of 
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Ute  cercbnl  hcmiiphere*  ii  «  utnpie  unptimt  tmd,  vhtdi  Uitr 
hwMBffi  divided  inUi  UUnl  halTes.  At  Grat  ooljr  ■  Ulcnl 
development  of  the  extraordinaril;  email  rudiment  takes  place, 
■0  thai  the  epipbyiU  lica  betneen  ihc  hcmupbcrca  aod  almcwt  aL 
tho  ■nterior  edge  of  the  bralu.  In  llui  btor  stage*,  utd  omn- 
■llr  aftn  tlie  mcUmor{ihodii,  th«  oerebram  growa  Utafcta  aaa  ibc 
epipbym  cone*  to  lie  beluud  it.  Tbe  diffuntnUntioa  at  tbe 
JibxAoTj  loba  takes  plaec  comparatiTety  U(«  in  larval  lib. 
Titt  «pi(>fa;si«  and  iurundibulum  urc  difertioula  of  thv  twit  and 
Boor  reapectivd^  of  the  i>(>»lAriiir  jisrt  of  th«  ton  brain.  Tht 
pituitary  body  i»  d«velo|)ed  as  a  solid  cord  o(  crWt  wliicli  an 
iDTBgia>t«d  from  the  DpibUst,  together  with  a  tia\;\f  media^., 
isvasination  for  the  olfactory  pit.  Only  the  pottcrior  |iut 
this  lUTaffiitatJan  u  coAcornM  in  the  fonnation  of  tiir  pitnit 
body.  Tboe  cells  »oon  l»»e  all  ooimrction  with  the  olfa 
apMiataa,  and  beooiae  divided  b^  oonnective-tiMBe  btt&db 
eoud  follicles ;  in  the  sexual  amraal  the  glaad  lica  aba 
nuO'paUtal  pas&i^. 

In  the  miJ-bmin  the  lateral  Ifaiekcunga  and  ttunBtog*  nf  tim 
dorsal  median  line  are  etpccinlly  to  b«  notiond.  This  division 
liiiii  noeivea  a  bilobed  roof.  The  brain  is  at  first  straight  and 
ahovt  no  tendency  to  Hex  ibelf.  The  cranial  flexore  iMT«r 
altabx  a  vary  great  degree,  about  a  right  angle,  and  in  partiall] 
oortveted  by  an  actual  extension  in  the  revetae  dbvetion.  Thai 
is  also  an  additional  afparmt  euntction  trluch  ia  caused  by  the 
great  df:velopmi.iil  of  the  upper  lip. 

The  rujimenta  uf  all  the  nieber  orgoMt  ofimte  appear  dariog 
embryonic  IKc  before  the  cpibla»t  bos  divided  itsuf  into  li 
Uyei».  The  eye  develops  in  essentials  JD»t  as  in  ttit  Uuath 
ilMna  and  neraa  no  especial  ex})liinalioii.  Tha  oplH  ¥oticto  ia, 
luivsTar,  mourkable  for  itii  letigtli,  and  for  the  bat  ibat  nuly 
a  pait  of  the  autetiof  wall  of  tha  vasinle  beooaiu  the  n :  i  >  .i- 
The  lens  arises  as  a  local  invagination  ol  the  single>tayere>l  1^11- 
blast.  The  aadilory  ri-vtolu  ilnvulops  ai  an  invaguiatinn  of 
thickened  epiblasl  ocll*,  wliioh  gfotlunily  deepens,  brcoBiaa  iph*- 
ncal,  and  detaehea  itaelf  from  the  skin.  Its  later  HevetapoMnl 
presenu  some  details  of  inlenst ;  vbtch,  ho*ever,  uinsl  be 
KNrved  for  the  fall  papv. 

TIh  olfiictory  organs  an,  for  fttromgiom,  at  eawwial  iDlereal. 
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1  cannot  ooullnn  (Jalber'V»i  re^-iili  lu  1 
albctury  pit,  on  iho  contrary, . 
bani  1  am  iu  accord  mtii  ilr.  L...;.,  ^  .>.:  ui.t. 
this  pit  Is  siugle  ftom  the  vcrjr  first,     'llie 
shallow  BiiiLiDg  in  dF  :'  ' '  int  at  Ine  ant*' 
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fBiBedwt«l7  aboTB  lh«  noiifh ;  then  the  Cfublart  mIIs  which 
besder  Uw  pit  above  ore  thicken^  ami  form  a  layer  of  cpithe- 
tiua  vliich  u  pcrfpctljr  coatinnous,  aod  Ukea  uu  the  whole  of  the 
nicrior  part  of  the  head.  On  Account  of  the  eranial  Hexure 
thi*  epitWium  looks  directly  downwardg.  Tlic  pit  becomes 
gndnallj  deepened,  but  tbo  olfactory  epithelium  remains  alill 
on  the  surface  of  thv  hrnd ;  eoon,  however,  it  haa  a  deejier  poti- 
tion,  and  shov^  only  n  mnnll  trianfrular  opening  on  the  exterior. 
Latr  in  larval  life  the  eiiithetium  of  the  olfactory  organ  develops 
the  vell-knowo  foUIs  viiiek  show  a  deRniCs  puiwl  urranKvmenl. 
The  palato-RSMl  peasage  does  not  attain  any  eonnderubld  length 
until  after  the  mctatnorphoais;  and  ita  rudiment  b  from  the  first 
single.  The  paired  olfactory  nerves  eIiow,  however,  that  that 
org«s  wiu  nt  one  time  paired,  and  that  s  lat«r  fusion  of  the  two 
)lt»  look  place.  If  the  two  pite  of  the  Storgeon  (0.  tMlensky, 
.  e.,  Taf.  ix,  fig.  S-1'),  which  lie  at  the  anterior  part  of  the  head 
and  sot  laterally  as  in  the  Elafmobraiicha,  were  brought  m-arer 
the  middle  line,  we  would  linve  nlino^t  csuctly  Ibe  condition  of 
PefroBtfton.  But  in  lh«  latter  type  the  paired  iitiign  \)u  been 
overslept  in  the  eonrse  of  development. 

The  ra^Mila*!,  is  the  earlier  atages,  has  in  gmeral  very  much 
the  relations  that  are  observed  in  the  Elasuobranchs,  or  eUIl 
■Dore  like  those  of  TViftm ;  but  it  is  worthy  of  notice  that  in 
Pelr<mszo4  the  firrt  pnir  of  protovcritbrjc  follow*  closely  upon 
the  anaitory  v«iclc*  iiijitc.»il  of  leaving  a  contldernble  interval 
free  between  them  as  in  the  Kls^inobrsiiclis.  The  jirotovertehriE 
develop  mnjcle-plates  which  gradually  grow  forwards  and  overlap 
csch  otfarr;  the  anterior  ones  grow  over  the  heiid  as  for  ae  the 
ot&ctory  capsule,  and  by  proccsn-s  of  diviriou  develop  the 
nttudes  of  Ine  head.  But  fince  these  myotomes  belong  mor- 
phologically to  the  trunk  they  cannot  be  regarded  as  gnidee  to 
the  segmentation  of  the  head. 

In  the  head  the  mesoderm  undergoes  another  segmentation, 
erring  rise  to  one  segmmt  between  every  two  gill-slits  and  two 
ui  front  of  the  first  gilUslit,  Just  as  in  the  ElasmobraBchK  and 
Urodde*.  Thrsw  segments  surround  a  centml  cnvily  and  cor- 
respond exactly  to  what  Balfour  baa  called  "  head  •cavities." 
These  aegments  develop  tha  gill  musdes,  and  I  believe  the  first 
pair  give  rise  to  the  mnscTn  of  the  eye.  In  the  tmnk  the 
development  of  the  mr^obUst,  its  splitting  formatiua  of  the 
plearo-periloncal  caviU',  &c.,  shows  no  mentisl  deviations  from 
tbe  eoooitioDS  foond  in  the  EIa.«mobranchs  and  Uroddes.  "Che 
internal  muscles  of  the  eacking-divc  appnix  to  develop  theni- 
aelrea  din-ctly  from  indifferent  mesoblart  ceil*.  The  formation 
of  the  sucking-diac  is  very  striking,  and  its  peculiarities  appear 
TCTf  early,     M  first  the  upper  iip  appeals  as  a  low  rounded 
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ridge,  between  Ibe  niauth  uid  oLbdor;  pit,  which  Men  lo 
longitudiual  vertical  section,  ha$  the  shaft:  of  a  rigbt-aagW 
triugle,  tbc  hypotenuse  of  which  iboundod    bj  the  olfactorv 

Sit,  liiis  ftagc  i>  found  is  embrjo  of  about  the  eightct^ntn 
ty.  In  very  small  larvn  the  lower  edge  of  the  ridge  (i.  t.  the 
edge  next  the  mouth)  has  begun  to  grow  rpry  rapidlr,  and  ii 
curved  downwards  and  backwards.  T1i«  moalh  has  still  a  oom- 
nlctel;  vcntra)  situation;  the  correction  of  the  craiiinl  fiexture 
bring!)  it  further  and  Turther  forvards,  and  at  the  esd  of  this 
the  upper  lip,  which  ia  now  ^till  more  lengthetUMi,  tarns 
about  an  angle  of  nearly  180°,  so  that  tbc  edg«  of  the  U; 
which  fonncrljr  pointed  dinctly  baolLward«>  now  point*  dinci 
fonrarda. 

This  gives  us  the  duraeteristic  termiii^  month  of  the  Cyi 
tomata,  the  formation  of  which  brtnga  the  olfactory  pit  to     __ 
upper  side  of  the  bead.     Acconling  to  Max  Schullurs  resolu, 
the  mouth  ih  iiited  for  ita  sucking  function  in  almost  the  raj 
nualleat  Urne. 

This  peculiar  month  would,  therefore,  sppor  to  be  one  of  the 
first  deviations  from  the  normal  character  which  developed  itseU 
in  this  group,  and  the  change  which  the  mouth  nndeigoes  ia 
followed  by,  and  I  think  the  connection  is  a  caa»l  one,  many 
oduar  alUntionSj  f.jr.  the  situation  and  fusion  of  the  ol&ctury 
oigsns.  The  change  of  the  mouth  into  a  sucking  apparaiiu 
makes  neenaary  au  alteration  of  the  meehanism  of  breathtDf. 
The  waterof  respiration  can  no  longer  stream  through  the  mowi 
to  the  gills  and  out  of  the  gill'slita,  but  must  stieam  in  and  out 
of  the  gill-slite ;  and  this  makes  neceaesry  a  change  in  the 
mnMlea  and  skeleton  of  the  gill  appatatui.  These  chaugta 
cannot  he  discussed  here,  we  can  only  ittdtcate  tlie  general  im* 
portanoe  of  the  fbnoatioDof  tlw  mouth.  In  addition  to  the 
modificatioiu  already  meotioncd,  there  most  be  rcmembi-red  the 
turn  formations,  Uie  supporting  cartilages  for  the  tuckiug>disc, 
none  of  which  are  present  until  »Ra  the  metamorphosis  of  the 
larva  into  the  sexual  animal,  as  well  as  changes  in  the  conne  of 
tbc  cranial  nerves,  which  arc  easy  to  follow  in  the  coarse  of 
developmcnL  In  sliort,  /  ^d  in  tie  eAaiige  ^f/orm  <^  ti» 
iMoiU  a  kty  to  t&e  loltUioH  t^f  U*  prMeM  ^  tlU  headoMi  iU 
OfgaKM  in  iXe  CyclotU»nata. 

VriHo-geatM  tyittm, — My  observatioDs  upon  the  cxentoij 
system  src  somewhat  more  complete  than  those  of  W.  &[nlln 
(' Jun.  Zeitschr.,'  B.  ixj,  but  tht7  anfirm  all  hit  rtsulta. 
"segneotal  duct "  (1  uK  thii  term  of  Balfour's  to  trmnab 
"  Koprnierengang  "}  is  formed  as  a  solid  cord  in  t^i  '  '  i  J 
of  the  mnoUast,  which  is  nut  taken  op  in  the  U  i 
ptal«vert«bne.    'fhis  solid  cord  appeaia  on  about  Hit  (uuii 
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Amj  ot  embrjronic  lire ;  it  aoou  i>hovs  n  lumen,  auil  nut«riorly 
apcttt  into  the  plearo*|)eintoneal  cavilf.  At  tho  nnterior  end  of 
lou  duct  ar«  fonord  a  $criea  of  cilUt«d  lobes  opening  by  wide 
fanoel  moatlu  into  the  bodf-etvity,  and  on  the  other  side 
b/DarTO<rtube»  into  the  duet.  A  giomenilos  i>  then  formed  on 
each  aide  of  the  ineaentery,  just  as  in  the  Amphibi*,  snd  the 
vbxie  orgtn  thus  developed  is  the  head  kidnej  (Miiller'a  Vor- 
niere).  Aitfaoneh  1  cannot  prove  it  with  abwlutc  cettainty,  it 
b  jet  in  the  highest  degree  probable  thnt  tlie  ciliated  tubules 
tn  a  derelopioent  of  the  duct  itself.  T^e  duet  emptier  into  the 
BOW  empty  hind  gut  even  in  the  embryoa.     It  is  to  be  eapeci- 

Sr  noted  that  the  bead  kidney*  form  for  quite  a  long  ixiriod  the 
J  excretory  apparatus  of  the  larra,  the  urst  rudiments  of  the 
Wolffian  bodies  not  ap])«aTing  until  tlie  Itivm  have  reached  a 
IflBgtli  of  9  nun.  These  rudiments  are  metamcxic  itivolutions  of 
the  poitoaca)  epithelium,  at  first  solid,  which  soon  become 
haBow  and  open  into  the  body  cavity  and  the  segmental  duct ; 
tbey  dtfTcT  from  those  of  tJie  Klasroobranchs  in  being  lateral  to 
ibe  ducts.  As  Mailer  has  shown,  the  head  kidneys  gradually 
beeone  atrophied  and  disappear. 

tht  BtsoKntnl  ducts  at  first  open  separately  into  the  bind  gut 
Bear  the  aniu ;  nhorily  before  the  metamorphosis  they  come 
dow  together  and  fono  a  common  canal.  The  anul  opening 
beewoea  longer,  and  Gnslly  a  port  of  the  hind  gut  becomes  con- 
•tricted  off  and  forms  the  sinus  urino-gmitaiu,  and  receive*  a 
aepatate  external  opening.  The  wall  of  tlw  sinus  is  perforated 
at  two  points  to  form  the  abdominal  uores. 

Uy  mvntigations  u{ion  the  gtailai  organs  ar«  yet  far  from 
eonpLete.  As  far  as  they  have  yet  gone,  they  agree  with  the 
leeutfl  ofMiJlIer. 
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Q»  MRU  ArcBAUKCEt  ^  tit  Bkd  Bi.oQD-caarGsci.S8  {/'Mix 
ai$d  olher  Yi>KT»uRATA.  By  G.  li'.  DowDsawKU.,  BA> 
(Cantab),  F.C.S.,  l'.L.S.,  &«, 

Some  time  since,  in  examining  the  nction  of  wpilc  mnttrr,  T 
observed  tliat  wlicn  blood  of  man  or  the  ilog  w«s  trralttJ  \ 
■nvim  stage  of  the  niicroseope  with  an  aqncooa  extract  of  [■ 
moKlc,  the  red  oorposclea  anortl?  exhibited  a  corion^  pht<:. 
noD,  throwing  out  nom  their  surlacca  nonKirous  proceewB,  v.  iuij, 
in  some  caseH  formed  a  roEai7  of  minute  beads,  In  otfaen  t\ne  un- 
divided lUaincnts,  genrrnllv  trrminaling  in  one  or  nivre  drop- 
leta,  and  asiumine  a  hifnrcatcd  or  racemose  appraranoe  ;  lh« 
were  of  very  variable  size  and  form,  from  mere  diminuti^ 
hules  or  protubemn«c8  on  its  snrface  up  to  five  or  sis  tiii.  =  .„ 
length  the  dUmetcr  of  the  corposcle.     Thc*e  nrocwsea  vtn 
evidently  contractile,  sometimes,  ftnm  a   consJacrsblc   V-.-  -'■ 
rctniding  auddeiilv  into  a  globule,  or  bting  withdrawn  i-i 
iuto  ibe  substance  of  the  parent  corpnEclej   the  det«cl>r<l  iiir- 
licJe),  too,  would  coalesce  into  one  larger  globule.     After  n  t  iidv, 
varjing,  according  to  circa mslaiicw,  from  a  few  minutiv  up  to 
half  an  hour  or  so,  they  all  became  detached,  formioc  a  ihi^i^Vt 
of  small  spherical  bodies  of  various  size,  undijlinguisiiabl, 
Micrococci;  or  short  slender  filaments,  idenUcjilly  sim 
appearance  to  Bacteria  or  Vibrio*,  and  in  incessant  m'  \ 
movement  swarmed  over  the  Bcid  of  view.     Afaouf  :c 

time,  naually,  the  hull  or  stroma  of  the  rwl  cUrposi ,  i.c 

colourless  and  difBciiU  to  distinguish,  for  all  the  mge»t«  with 
which  I  obtainod  these  processes  dissolve  out  the  hnmoglobin. 
In  the  finer  filaments  and  minute  slobulesany  colouration  isdifli- 
colt  to  distinguiab  clearly,  but  when  these  coalesce  iuto  ■  lar^ 
body  the  colour  becomes  njiparcnt,  and  il  is  most  evident  in  th< 
tai«e  procnsea  which  are  fonR«l  in  tlie  blood  of  the 
under  the  action  of  a  5-perc«nt.  solution  of  ammonium  chra: 
in  the  cold.  When  the  coloaring  matter  of  the  nA  rorpu 
is  dissolveil  ool,  and  they  disappear,  the  proccsaea  are  alro  lost 
neht;  hut  upon  treatment  of  the  prcpamtion  with  m^mls  nr 
oUier  staining  fluid,  both  the  hull  of  the  red  corpuscles  ami  the 
processes  too,  become  btained,  and  again  apparent.  On  firat  ob- 
BCTTing  this  phenomenon  1  was  in  doubt  wtiethcr  it  wu  lu  be 
regarded  aa  a  phyotological  and  rttat  process,  or  merely  »  a 
phyaical  ooe.     Sbortiv   afterwards  Francia  Darwin's  y^'. 

the  "  Protoplaamic  Fiuracnts  of  the  Tmk)"' apjieared,  .: 

snemisd  to  me  that  there  must  be  ui  intinule  connection  beiwvEo 

•  This  iowasi,  N.  &.,  No.  Ixvii,  Joly.  1577.  p^  Mi^'^TI, 
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the  two  pfatnomeiu,  to  essontialty  timilaF  m  chtraoter.  I  thcs 
iDstituUd  a  eoriiw  of  expcrimcnta  vitb  solutions  of  dilTurent 
mlU  Bud  various  rageuU,  under  difTorMit  conditions,  with  n 
?ioir  to  ascetUin  the  Isw)  which  n-gub(c  theae  apjiciiTaiiccs.  I 
aabipqaentlr  found  that  the  aamA  prooe>iM  in  l!ie  ml  corpaedes 
of  Uio  blood  of  man  had  beeo  described  and  lixurcd  «omc  yean 
pTCTiouily  by  Dr.  Wdliam  Addison,  P.B.S.*  The  results  I  ob- 
tained myself  agreed  iti  the  main  with  those  described  br  him. 
It  is  (ufficivnt  biTc  to  mention  that  I  found  they  occurrctl  most 
readily,  in  the  blond  of  mnminals,  when  trestrd  with  h  mixlurv  of 
one  part  of  pale  slierry  wine  and  one  part  of  n  10-pcr  vimiI.  muIu- 
tion  of  sod.  aulph.,  at  a  tcin]>erature  nf  about  9S°  fahr.,  or 
somewhat  lower.  The  «p.  gr.  of  ttiis  mixtaie  is  about  1'00.H, 
and  its  reaction  aoid;  on  nfutmliiatioa  it  fails  to  produce  any 
procaSG*  from  the  ml  corpuMJc* .  In  au  aqueous  eolation  ofdugar 
v'6  per  eent.  sod.  aulph.  10  per  oent.,  aloh.  lA  pereent.,atidac. 
■oat.  I  p«r  cent .,  they  an  also  readily  fwined  at  aboat  the  same  t«in. 
paratnre.  By  trosttDi'nt  with  aonc  sherry  winee  alone  they  arc  pTO> 
daced,  though  not  very  readily.  A  flight  acidity  of  Ihc  reagmt 
usually  fnvnum  ihelr  prniluction.  as  iJoi-k  the  adilitlon  of  1 0  lu  15 
par  cent,  alcohol ;  though  neither  of  these  Is  absolutely  essential. 
Mid  the  variety  of  reagents  and  mixtures  which  produce  tlietn  is 
endkss.  According  to  the  sp.  gr.  of  the  solution  in  nhioh  they  are 
produced,  the  temperature,  and  other  circtmintaDce^,  their  form 
and  duration  is  modifled.  Tlie  tcai»craturc  most  fsvornbic  for 
their  pT«dnctioD,  in  the  larger  nuuilxT  of  cases,  is  somewhat 
bdow  8H°  Fahr.,  and  (hat  in  all  the  tnnmnalia  Ibat  I  buvc  ex- 
unin^  alike  -,  above  that  (einperature  Ihcy  sre  quickly  dissolved, 
•nd  mttoli  below  it,with  moat  reageitts,  they  are  formed  slowly  and 
tmperfcdiy,  if  at  all.  A  sdulion  of  urea,  as  first  rtated  by  KOl* 
liker,  and  others  after  Iiim,  will  produce  these  appearances  in 
the  blood  both  of  frogs  and  of  mammaU.  This  is  most 
readily  efTf-ct^^l  by  drying  a  drop  of  the  solution  uiion  a  slide, 
putting  the  blood  Upon  ibis,  and  covering  it.  Salt  solution, 
O-B  pet  cent.,  as  doscribrd  in  a  rtocnt  paper,  produces  these 
appearances  well  iu  defibrtiisted  frog's  blood  on  toe  warm  itage. 
By  this  tnrattnent,  too,  the  nucleus  of  the  red  corpuscle  is  some* 
times  rpry  clenrly  shown,  and  the  reticular  llbrce  which  it  con* 
tains,  with  the  limiting  membrane  which  encloses  it,  in  plseeo 

ficnetrtled  by  the  Sbres,  as  recently  dcpcribed  and  figured  by 
)r.  Kk-Lc'  in  this  Journal,  and  by  Fleming,*  arc  very  sp[iireut. 
'  TW*  Jounwl.  N.  S..  «!.  1,  18«1,"  ppt  81—69,  sad  'Proo.  li.  Soc./ 
«oL  I.  lBs9.  t>p.  ISC— ISO. 

*  Vol.  triii.  N.  &.  1&7$.  pp.  Sll— 330.  aad  rob  aii.  K.  &,  pp.  IU~ 
\H.  ud  it),  up.  401— 12U 

•  ■Arebhr  kt  Mikros.  Awt.,'  Dd.  x*i,  1879,  ».  30«-«8,  Bd.  xriH, 
1&90,  pp.  lSl-919, 
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In  lti63  Klrl»,'  obMOTiDg  the  blood  or  dend  animals  nrmcd 
to  bodily  lenpcrature,  obscrred  jmtnU  projecting  from  the 
surfnce  of  the  red  corpuscles,  the  lai^<r  of  which  often  divided 
into  tiro  parts,  tlw  corpuacJes  themMlvcs  becoiDing  distorted. 
The  descnption  is  rcr;  mc«gre,  and  the  appearance!)  may  be 
little  more  ihan  the  pricklv,  or  as  it  has  been  termed  the  hedge- 
bog  rorm  of  the  corpuMies. 

In  the  same  year  Kindfleisch*  [lublished  »ome  experimental 
obserTstiona  on  ihc  blood.  He  found  that  in  extmviuatcd 
blood  of  the  frog  the  red  ooqtutcles  bc«sme  rounds  and  a  portion 
of  tlieir  contents,  as  he  descrihcK  it,  protruded,  forming  fila- 
moitoai  prooesaes,  or  a  rosaij  of  red-oolonred  droplets,  oq  the 
■nrfue  of  tbe  corpuscles;  thc«e  he  considers  are  prutrudeiJ 
tliron^h  pores  or  other  openings  in  the  cell-wall,  the  dropielti 
of  which  tbej  consist  being  held  together  bj  a  visdd  substance. 
He  further  states  that  these  appcaxanees  may  also  be  produced 
by  a  concentrated  solution  of  area. 

The  first  mention  of  the  effect  of  una  on  the  red  blood- 
corpuscles  which  I  have  seen  is  by  Dr.  T.  L.  Uuonefeld,  in  a 
worL  pubhshed  in  1^10,'  in  which  he  describe*  the  action  of 
a  great  number  of  reagents,  and  ststes  that  a  solution  of  pure  urea 
does  not  seem  to  have  much  effect  on  the  red  btood-oorpuades  of 
man  or  tbe  pie,  beyond  tliat  it  dissolves  out  the  colouring  matter 
my  qoicJcly,  leaTing  oi^y  portions  of  the  bull  and  the  nucleus 
visible. 

In  ISM,  Dr.  Beale*  deacribes  and  figures  the  changes  of 
form  in  tbe  red  blood-corpuscles  of  man  from  heat,  the  uro- 
etfs^s  and  appearances  presented,  though  more  T&ried  than  those 
deaciibed  above,  are  ooviously  of  tbe  tame  charaetcr.  The 
paper  was  written  in  support  of  the  author's  theory  of  formed 
w)d  tiring  matter.  In  the  same  year  Prcycr'  describes  the 
ftppeaiances  in  extravajialed  blood  of  the  frog  on  tbe  warm  slaec. 
Xiong  piooesscs  are  formed,  and  globule*  which  become  de- 
tached and  sonetintes  reunite  with  tlie  parent  corpuscle.  Uc 
rrmarks  that  tbe  action  of  urea  will  product'  similar  apjieiiranccs, 
which  only  (bffer  slightly  in  colour,  and  makes  the  ooservalion, 
that  in  the  blood  of  frog«  nt  breeding  time,  noelei  eridently 
dividing  are  found ;  these  he  tigures.  Tbe  processes  above 
described  he  also  finds  in  the  blood  of  frogs  on  the  warm  stage 
witboat  any  reagent. 

>  -OirttaUilBtt.  (.  cL  Uedidaitch  Wbaen.,'  BJ.  i.  18C3^s.  SSL 
'  '  Eipctiinentaka  Sludien  ulKr  6»  Blul«>,*  LeijiMg,  1863. 

Dei  CbeuttNMDS  ia  4er  tliicnichen  Orvxnisslioii,'  LelMic,  1S40. 

i,  18«S. 
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The  same  appearances  cauacd  hy  beat  an  nest  deivrlbM) 
Max  Scholtz.'  i!o  found  that  od  tbt^  warm  Etacc  of  tbf  ' 
the  clinngea  of  form  commcDcfd  fint  at  o^C.Jn  '.  i 
nun  and  rarioos  maiDDialt,  on  reaching  which  ti-ni|ienil 
corptisclea  iinmedjateljr  ehange  and  bteak  un  into  niatr, 
of  various  sizes,  and  arc  diepereed,  dancing  tWngh  ttw 
in  tivclj- motion,  or  throw  out  filamenta  of  Tariotia  Icnj 
form,  vhich  too  become  detached  and  taofc  about  h\ 
rounding   mediutii,  like  VibrioJ.      Here  also  a 
the  reprefentationa  in  which  agree  esadlj  with 
above  described  u  caused  by  the   action    of   rcagpsiu, 
on  the  warm  stage  and  in  the  cold.  Hq  one  can  doubt  the  j 
aomcna  beins;  exactly  the  Mime. 

In  tH71,  Professor  F.  \i»y  Lankester,  in  an  article  npDTi ' 
Btnictute  of  the  red  blood-corpuscles,'  descrihinR  the  eflcrt  at 
various  reaMBts  upon  them,  records  the  p;." 
oeasa  which  occur  in   the  blood  of  the  fj<  t 

ammonia  ga?,  and  the  fluidity  wliicli  it  iticms  lo  < 
the  huinsn  red  corpusMilcs,  resalliug  in  the  [iroducti^.. 
threads  or  processes  from  the  corpuscles,  and  ibe  separ:" 
minute  particles  from  them.    Drawings    are    given  of  tKir^r, 
which    likewise  agree  exactly   with    the  npp«araiiees    bcTon 
described. 

Quite  recenlly  two  ]i«pcr«  dcMiribhig  these  flppcarances  iii  Uie 
red  blood-corpuscles  have  appeared,  the  one  is  by  Vr.  Budolph 
iiffldt,'  wbu  first  endeavours  to  show  that  the  nuc!pu«  wbioK 
occurs  in  the  red  blood'corpusclca  of  Fish,  Amphibia,  and  kmbb 
oUltT  Vertebrata,  is  ao  srtificisl  production  caused  by  the  i 
of  mgenta  or  |>athol(^ical  cluin(^j,  which  ha.-'  »t>  rxia 
norutsOy,  though  when  formed  it  is  an  indpjwml  rirliU 

body,  winch  shows  an]a^boid  movements  (!)  ;  ;  .'jiue- 

qucntly  tliere  is  no  integral  difTercncc  bctwt-en  the  ovuid 
btood-corpo^clcs  of  the  Amphibia,  S-'c,  sud  tbr  njiiiul  coi 
clea  of  man  sod  utlifr  miitntniilin,  which  do  nut  ii  ^ 
nucleus,  though  he  eondders  that  by  the  action  <i>  ir^i.ft 
certain  changed  conditions,  they  too  show  nuclei  of  tfie 
luture  as  those  of  the  ov  ' '       '  :       ■    inrre  agg 

of  their  protoplasmic  con.  !>y  Itn-tttohe 

trotted  them  with  nlcohul  aud  ncrlic  iici<i,  ><r  w>' 
bichloride  of  ni<TCury  in  nlcohul ;  the  appmir^U' 
however,  if  lartfullr  regarded, can  iicvcrm!  ii 
with  the  nuclei  of  the  ovoid  red  corpusdes;  iu,:  ...,it:.. 


•m     lULI  [ 
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mentioDed,  in  some  cases  shovioe  very  distinctly,  kd  Hnbontc 
stmcture,  a  network  of  iDtrmucTcar  fibres,  some  of  them  per> 
rotating  tlie  limiting  membrane,  wliich  is  tctj  diMinct,  and  ita 
anpetLnMc  quite  incooaJNtent  with  its  being  mctrly  n  patholo- 
gical change  as  asserted  by  the  author;  moreovrr,  l)if  npiiearnncn 
euued  by  treatment  after  Buttichcr's  methodi  hare  been  clearly 
and  fully  csplaiited,  mid  soconutcd  for  in  a  paper  in  n  subse- 
qnenl  nomlier  of  the  «une  journal.'     In  some  ciwe»,  too,  the 
nuclei  may  be  seen  clearly  dividing,  IhoDgh  as  my  nvii  observa- 
tions irere  made  chiefly  upon  summer  and  autumn  frogs  tliese 
instance*  were  kv.     Prryer,lio«eveT,*  describes  and  figures  this 
division  of  Itie  nitcleii*  in  the  blood  of  frog*  during  the  breeding 
seuoD.     After  discussing  the  qaestion  of  th«  corilractility  of  the 
red  corposclw,  and  whether  they  possess   a  cell  wall,  in  the 
proper  seme  of  the  term,  the  author  describes  the  appearanccB 
vliicfa  are  the   imtnediatc  subject  of  this   paper.      Following 
IVyer,  be  flrrt  examined  Mtmvnsated  frogs'  blood,  and  found 
Buoivrou*  processes,  short  points,  and  long  straight  fllamenis,  in 
abort,  exactly  the  apnearances  above  described ;  and  mentions 
Uteir  production  similnrly  by  the  action  of  urea  and  of  heat.   Also 
that  similar  procr*?e»  nri:  thrown  nut  in  cases  of  fever,  especi- 
ally typhu*;  and  Ihat  with  a  bodily  tk-ropcffltun-  of  f!i>- 10*  C,  ihejr 
occoF  at  the  temiieratute  of  the  chamber;  and  in  rccnrrent  fever, 
aa  first  dcscHbeil  by  Haidenrcich  in  1S71,  long  filanientouB  pro> 
cnsea  of  great  length,  extending  over  the  whole  Held  of  the 
microscope',  appear.     These  have  been  regarded  as  independent 
orgaoistDS,  a  form  of  Bacteria,  and  named  S/iiroeiief/e  Oifftneitri, 
or  /^enirrf«/(>,  a"  which  they  are  described  by  Cohn.*    These  the 
author  has  uh.H-rved  sometimes  to  ronlesce  again  with  the  parent 
corpuscle,  and  disappear.     On  this  account  he  regards  them  as 
portionB  of  the  protoplasDi  of  the  corpuscle,  nhicti  hnvc  become 
detached  and  endowed  with  independent  vitality  and  spontaneous 
movement,  bnl  are  not  mete  parasites.    Thijr  view  appears  to  be 
well  founded,  and  supported  by  the  circnmstance,  previously 
recorded,  of  their  intermilleut  appearance  in  the  blood,  and  that 
when  piesBDt  in  vast  numbers  under  the  microscope,  they  again 


*  If  tke  rod  coqnaclcs  of  humna  blood  be  Irentcd  wtlh  a  five  per  cent 

Hm«uancc  ot  n  niicleuB  u  profl 
I  diwiiict  a*  Uiat  wtuoli  Uwtlwlier'g  iu«lliu«l»  oreale:  llie  disca  be- 


soL  aarn.  chromate,  the  toperlleiitl  nnneuancc  of  n  nucteua  U  produced,  ai 


idu( 


ecmt  "onp-abaaad,"  or  mur  acoutmctj,  the  iliapu  o(  a  soft  (dt  h^t,  witli 
the  nuifjn  of  Llw  brim  turaed  i>i«r,  or  uador,  all  rouudt  aod  as  tlie;  iloat 
atont  and  tun  over,  it  becomes  cvldeat  tbat  tbc  coloiirlru  or  tikln  apnnitr- 
■Boe  of  a  nudeut  t*  occuioncd  h;  tbc  ocstral  portion  of  tbc  kjer  or  (hn 
eor|itt*de,  when  Ijiag  flat  and  looked  down  ufon,  being  seen  siagle  uui 
caucqnenUj  pale. 

*  Loo.  dl.,  lapra. 

>  'licii.  t.  BioL  d.  PflaDceo/  Bd.  i,  H.  S,  UTS,  *.  190. 
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shortly  ill  diaapixar;  nml  ftill  furt]ii«,  by  ibe  Tact  sUUn) 
Cobn  (loc.  cit.],  that  tbey  are  dissolved  by  poUsh,  wliich  U  oi__ 
tnry  to  the  properties  of  all  known  Bacteria,  the  resistance  of 
vbich  to  alkali*  an<l  acids  is  rt^anlei)  a«  their  chief  and  meat 
reliable  cluinicl«ri3tic.  'Hut  tbey  are  portions  of  the  proto- 
pLasmic  subatancea  of  the  corpuscle  appears  to  be  eTident ;  n* 
sudi  they  would  poia«w  contraclilitj  as  loi^  as  they  retaijti;ti 
tfa«  vital  propertica  of  protoplasm,  tbougb  ia  sticb  attenuated 
filaiDcata,  tlM  moTetnents  which  tbey  t'sbibit  may  be  merely  pfay* 
ncal,  the  result  of  the  cunenta  wnich  are  iievcr  absent  hritii  a 
ptei>aratioii  of  blood  ondar  the  microsoope,  unleaa  it  be  sealed^  t 
until  coagulation  occur. 

The  next  aad  latest  description  of  thcae  prooesMS  »  in  an 
CL'UcDt  Mper  by  Gaule,'  which  describes  their  &ppearance:>  tn  de.  , 
brinatea  frogs'  olood,  treated  on  the  warm  stage  at  a  tem]>erftlui« 
of  80* to  38^ C.  with  a  solution  sod.  cbor.  0-4  to  0-8  pet  cent.;  the 
method  here  adoped  for  defibrinating  the  blood  was  bjr  BbakiD>; 
it  up  sharply  in  n  mixing  glaas  with  salt  sololion  and  a  Uttlfrj 
mercary,  which  subsides  and  carries  the  fibrin  with  it;  a  dr 
of  the  supernatant  tluid  is  then  pbced  on  the  warm  stage, 
with  more  salt  solution,  and  sealed.  The  a&thor  deaeribea 
formation  of  Ibcae  proceasts  from  the  large  majority  of  Ibe  cor-' 
piwclca ;  a  staff-ihaped  body  first  anpear*  in  wnich  sono  bright 
grannies  or  strite  are  visible,  this  eion^iates,  beoomea  detaclml, 
pointed  at  both  ends,  and  commenang  a  spin)  moreneol, 
wriggles  abont  over  the  field  of  view ;  coming  in  contact  with 
other  blood-corpasclcs  it  adbcnt  to  tbem,  dragging  tliem  after  it, 
stnngly  resetnoting  in  appearance  minute  worms,  but,  as  the 
author  observes,  in  ontward  appearance  only,  and  not  in  their  ml 
nature.  In  length  these  bodies  equal  about  half  the  diameter 
of  a  red  blood>corpusclo,  but  tbetr  eharactcr  varies  with  circnro- 
stances,  the  vigour  of  the  frog,  the  rtraigth  of  the  solution,  kc. 
The  author  concludes  liiat  these  are  procetsew  evolved  from  the 
ooitftituent  protoplasm,  the  strom*  of  the  corpuscle.  1  caaj 
confirm  the  aut  bar's  results  in  all  rcspccU.  I  have  Dot  found 
nnesaaiy  to  defibnnate  the  blood  to  obtain  tbeae  app 

tbon^  to  do  «o,  simply  whipping  it  is  mlBcient ;  nor  is 

neoessan  to  seal  tbe  preparation,  tboDjgh  this,  by  preventing 
evuMnlwn,  may  sooiewuit  pnlong  theu  duration. 

Sim3ar  appearances  have  men  describnl  in  other  protopUauiio 
bodies,  not  only  in  tbe  white  blood-corpuscles,  but  tn  Amtpbic 
(I*ro(oKoa}  too,'  under  the  action  of  dilate  salt  aolotiiin  ;  in  aome , 

*  ■  Arthiv  r.  Anat.  u.  Pb/rioL,'  ISSO;  IV  1  aad  fi,  s.  tl— (17.     -  Ua 

'lit.-  mWJiL  dbcr  imtbea^"  •  Arch.  [.  Uftm. 

Ami,.'  1.  "■■«, 
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iutuces  fiUmestons,  or  nodnlar  proc«aM»,  long  pfeudopodU, 
mftrin,  or  dtUched  pvticlfs,  were  formrd  at  in  the  cue  of  the 
ni  blootl-oor]iiucln ;  tliere  app«:amiic«  occurred  clurins 
vitality,  and  on  treatoient  wiih  plain  water  the  OTganiams  r^inea 
Ibdr  narmal  appearanoe  and  uioveaienl. 

Tboa  it  will  bo  accn  that  tbc«c  ap|mrnuc«s  liarc  bc«o  olweiycd 
anil  di-«cnl>cd  by  many  during  the  laat  twenty  yvars;  that  tlicy 
an  oue  uid  all  »f  i^->i:iitully  tbc  same  charact^'r,  liiere  caq  be  no 
'loobt;  it  appears  lo  me — that  is,  that  tbev  are  ca^cntially  pro- 
man  of  th«  constitucut  protoplasm  of  the  red  corpuscle;,  a 
pbrn'jtDi-non  of  ita  contractility.  Many  who  liavcobfcfred  and 
drsLTibcd  the  appeanucea  ttem  to  liarc  been  unaware  that  tbey 
bad  previoualy  been  described  by  others,  as  I  was  myself  when  first 
I  noticed  then) ;  for  this  reason  I  have  thouj^ht  it  would  be  useful 
to  oollate  and  record  the  obMrvatious  already  mailc  upon  this 
tul^ecU  The  upncarancea  are  remarkable  and  highly  inten^^ting, 
la  aflbrdius  etidence  of  the  constitution  of  the  red  corpuscles ; 
BO  ooe,  I  tnink,  after  watduog  tbeir  erolatioD  as  above  dc«cribed, 
aare  apecially  under  the  action  of  ammoninm  chroiiut«,  csa 
have  any  doabt  m  to  their  true  natur*. 


Vol.  XXI.— ;ikw  «iit. 


NOTES  AND   MEMORANDA. 


KedoHi  and  Hrdroid  Polyps  linsg  in  Fresh  Wat 
Wilb  leference  to  the  mtcTestiiig  note  on  Uiis  subjrct  in ' 
October  Usuc  of  this  J»iirnBl  Isboold  like  t«  make,  a  (ew 
remaiks.  It  a  Uierc  said,  "CuriouBlr  enough,  Mr.  Romanes 
ha*  found  that  marine  HfeduftO!  arc  not  bo  injnrioustr  affected 
by  brine  as  Ihc  Limnocodiom  is  by  »o  water.  The  fact,  how- 
ever.  It  leas  astonishing  vhen  wc  rcmemlMT  that  tbe  percentage 
of  saline  naltcr  in  Rolulioii  in  wa  water  is  many  hundred  times 
what  it  is  in  aTerage  pond  water,  whilst  the  strongest  brine  has 
not  a  percentage  of  saline  matter  many  limes  in  excess  of  that 
or«a  water"  rp.*S3). 

Now,  this  is  certainly  one  way  of  looking  at  tbe  matter,  bat 
1  doubt  whether  it  is  Ibo  fairest  way.  The  percentage  of  hU 
held  in  foIatioD  by  "  average  pond  water"  is  really  to  small  that 
it  probably  exerts  no  phvtiological  influence  of  any  kind  on  a 
Medusa,  and,  therefore,  for  purposes  of  physiological  reaaoniag, 
ought  not  to  be  cousidumi  as  a  unit  for  comparison  willi  higfaei 
I>ercent«ge*  which  do  exert  a  physiological  influence.  It  ought 
rather  to  be  considered  as  a  vanishing  quantity  or  i«ro,  «o  nr, 
ti  IfMt,  as  the  McHlusa  are  conccrncMl.  Therefore,  it  acquis 
me  that  a  laircr  unit  to  take  is  (he  one  which  I  hail  in  my  mir 
although  I  did  not  explicitly  state  it,  while  writing  my  article  i 
'  Nature*  of  June  2-ltii,  to  which  vou  refer.  This  unit  is  thd 
percentage  of  salt  which  Limnocoaium  can  tolerate  for  an  in- 
definite time  without  manifesting  a  change  in  any  of  its  phy> 
eiob^al  processes.  Wtut  w«  want  ts  a  phyriofo^cal,  not  • 
ohemKal,  test  of  the  pereenlage  of  salt  that  we  an  to  eousider 
u  our  unit,  and  this,  it  seema  to  me,  can  only  l>e  rendered  b] 
estimating  the  percentage  of  salt  that  first  begins  (o  exer 
any  perceptible  influence  upon  tbe  animal.  ThisamDont  I  fnun 
to  be  about  i  \xt  cent.  Taking,  Ihcrefore,  ordinary  sea  wat 
as  lutvjng  3  |)er  t^ent.  of  salt,  ami  a  MtursltsI  solution  3fl 
oent.,  we  have  as  our  pro|>orUuna  {  :  .'I  : :  .S  :  S't ;  nr  1  :  15 , 
15  :  180;  or  1  ;  15  .:  1  t  12.     This  shows  ■  i  ta 

obure  as  our  unit,  thi- estimated  change  of  ."  vl 

freshwater  Medusa  undergoes  on  being  transferred  to  the 
water  is   pretty  nearly   thti   same  na   that  which  n  sca-watl 


KOTES  AKD  UBUORANDA. 


168 


r 


MeduM   ondergoes  irbcn    tntosferred  to  brine  of  uturatcd 
strengtb. 

U,  then,  we  desiw  to  draw  any  comparison  at  all,  and  if  thcic 
is  anything  "astonishing"  in  the  fact  that  n  quickly  fatal  issue 
folluwi  in  the  one  case,  vhtle  no  barm  reanltfl  in  the  other,  I 
should,  iieTcrtbeless,  stiJl  jircfcr  adhering  to  the  unit  fixed  by 
pbysiological  conditions  rather  than  to  that  supplied  by  chemical 
analysis. 

In  the  saai«  note  of  the  '  Quarterly  Journal  of  Microscopical 
Science'  there  ajipears  a  very  interesting  stalcment  by  Mr. 
Hoselcy,  and  anolhcr  by  l?rofeaaor  jVgasaiz,  regarding  (he  occur* 
renoe  of  marine  Mednsic  in  "  quite  brackish,"  or  cTen  "almost 
fresh,"  water.  One  remark  made  by  Professor  Agassis  in  lliia 
connection  appears  to  demand  some  notice  from  me.  lie  says : 
"So  (at  as  my  cxpcncnce  goea,  it  is  not  oonclusive  of  so  fatal 
an  action  of  fresh  water  on  Hcdnfsc  as  Romanes  would  lead  ua 
to  believe  m,"  &c.,  proceeding  to  relate  liIs  own  observations  on 
•aodiy  apedes  of  Medusae  which  live  in  Ihecftuary  of  theCharle* 
River.  Aow,  as  Professor  Agassiz  must  have  fniled  to  refer  to 
the  observations  which  bo  thus  appears  to  stigmatise  as  inacca- 
rale,  I  will  ask  you  to  be  kind  enough,  for  hia  iofonnation,  to 
quote  them  m  exUnro.  For  this  purpose  I  give  below  an 
extfict  from  the  'Philosophical  TranMctioiis/  in  which  they 
occur,  and  from  which  it  will  be  »cen  thai  I  have  made  no 
experiment  or  statements  with  reference  to  the  effcctsof  iracJtUi 
nlcr,  eillwr  in  csluarics  or  elsewhere.  My  experiments  con- 
soated  merely  in  ttidd^nfy  Irantfcrnng  Mcdosai  from  sen  water 
to  per^eciiy  Jretk  water.  It  certainly  doea  surprise  me  to 
leam  that  Sortia,  Tiaropait,  and  Aurtlia  are  able  to  thrive 
in  water  thai  "  tastes  but  Ijltle  of  aalt ;"  but  the  fact  in  no 
way  tonchcs  any  of  uy  pnbiished  results.  I  can  only  con» 
elude  from  it  that  a  gradual  transition  from  salt  to  comparatively 
fresh  water  not  giving  rise  to  fuch  rapid  osmosis  is  not  so  in- 
jurious to  McdusEc  as  1  akould  have  expected  from  the  morbid 
effects  of  sudileu  transition.  The  wliofe  subject  is  thus  shown 
well  worthy  of  farther  experimental  inquiry ;  but,  to  far,  the 
foUowiug  are  the  ody  experiments  thst  I  have  conducted  with 
nference  to  it.— Gsobok  J.  BoiiaxES. 

Srlfoei/rom  '  Phil.  Traiu.;  vol.  167,  p.  744. 

As  fresh  water  exerts  a  very  deadly  indnence  on  the 
Ucdose,  this  seems  the  most  appropriate  place  for  describing 
its  action.  Sncb  a  de»criplion  lin?  alrencly  l»-cu  given  by 
Profeaaoc  L.  Agassiz,  but  it  is  erroneous.  He  writes :  "Taking 
up  in  a  spoonful  of  se»  water  a  fresh  Sartia  in  full  activity,  when 
swiioming  most  ene^eticftlly,  and  emptying  it  into  a  tumbler  full 
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of  rre*b  mter  of  the  same  tem|ieraiure,  the  little  aoimal  will  at 
ou£e  drop  like  a  bill  to  the  bottom  of  the  glass  and  irmiun  for 
erer  motionleaa — killed  inatantencaaaly  bj'  Uw  mere  difference  or 
the  density  of  the  two  media."'  As  regard!  the  appearance  pre- 
Bi-nted  bjr  Sartia  wheu  subjected  lo  "  this  little  eipenmeot," 
the  aocoont  just  quoted  is  inrtly  correct ;  hut  ProfesMH*  Acasaii 
must  have  been  over-hasty  in  condudiag  t  bat,  faccanae  the  aaunala 
Hemed  to  be  thus  "  killed  instantancouilj,"  soch  was  real]/  Uw 
case.  Nothing,  indeed,  could  be  more  natunl  than  this  eon- 
cluiioQ ;  for  not  only  is  the  contrast  between  the  actiie  iwimning 
motions  of  the  Sarsut  in  the  sea  watef  and  their  sudden  ceasi- 
tion  of  all  motim  in  the  &eah  water  yttf  sng^cstiTe  of  tnstan- 
taoeoui  death,  but,  a  »hort  time  after  immersion  Jri  the  latter, 
their  contractile  tissues,  <u  Profeator  Agassiz  observed,  became 
opalescent  and  whitish.  Nevertheleas,  if  be  had  taken  the  pre- 
caution  of  af  ain  transferring  the  Sartia  to  sea  water,  he  wonld 
have  found  tJbat  the  previooa  exposarc  to  ff«ah  water  had  not 
had  the  affects  which  he  ascribea  to  it.  .Vfter  a  TaiiablB  time 
hi*  specimen*  would  have  resumed  their  swimming-motions ;  and 
tltitough  these  might  hare  hud  their  vigour  somewhat  impaired, 
the  animals  wonld  nave  continued  to  live  for  an  indefinite  tisK — 
in  fact  quite  as  long  as  other  specimens  which  have  never  been 
removed  from  the  tea  water.  Even  after  five  minntn'  immer* 
sion  in  fresh  water,  Sarsta  will  revive  feebly  on  being  again 
teatored  to  sea  water,  although  it  may  be  two  or  three  honra 
before  tbey  do  so;  tbcy  may  then,  however,  live  as  long  aa  other 
specimens.  In  many  cases  Santa  will  revive  even  after  ten 
minutes'  exposure ;  out  the  time  required  for  recovery  U  then 
venr  long,  and  the  anbaequent  pulsatJons  are  of  an  escMdingly 
feeble  c^netet.  I  never  knew  a  specimen  survive  an  exposure  of 
fifteen  minutes.'  In  not  a  few  cases,  after  immersion  in  fresh 
water,  the  animal  conUnim  to  pulsate  feebly  for  some  little  time ; 
and,  in  all  coses,  irritability  of  the  oontnctile  liNfu<.-s  jicrnita  for 
a  Uttle  while  after  spootauBi^  has  ceased.  The  opaleaeenoe 
above  referred  to  principally  auecta  the  polypite,  tentaelea,  and 
margin  of  the  nectocalyx.  ^Vhilc  in  fresh  water  the  polypite 
and  teutaales  of  SarMia  are  strongly  retracted, 

'Hiinking  it  a  curious  circumstance  that  the  mere  absence  ol 
the  few  mraenl  ssbstmees  that  occur  in  tea  water  should  exert 

<  'Heal.  Amrrkan  Aesd.  ArU  and  Scimeet,'  IS&O,  p.  HO. 
*  TUe  c  '  MrJuis  nirrttr  a  hni|^  lauHcraon  tliaa  tlio  aikv 

ejad — Jur'         .  lilt  uulaaee,  rei}Uiria(  (rno  ■  tfmuta  lo  biil  an] 

hooi'*  oXfMWuic  MiifH    being   nUoed   bejnid   netnaj.     Uuconci  tLoj 
■■«Mli«n  lit  ■paalsniily  mi  Uw  irat  ibbhcuou  W  sol  m>  swiden  ai  U  it  in  | 
.  r  <  th<-  naked-eyed  Utdiuw-^c  pvUstioni  centhmiag  for  about 

I  r.  ^.  dutinc  mhtik  lime  tkc;  tmonia  wwlar  wd  wniiv  ia  «o 

PHUJ  •  luaaaet  tSal  it  is  hani  la  leU  exacUjr  wkta  tbsjr  ittt  nniii . 
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90  profound  and  deadly  an  inflaence  on  the  ncrvo-maMnlai 
timocj  of  the  Medusa-,  I  was  led  to  try  sonw  furthur  esperi- 
meoU  to  OKwrtun  whether  it  is,  o»  Agassiz  alEnns,  to  the  mere 
difTerence  in  density  betvecn  the  fresh  aod  tho  sea  water,  or  to 
the  absence  of  the  partioular  mineral  tiul>ftanc»  in  question, 
that  the  deleterious  influence  of  fresh  water  is  to  be  ntcribcd. 
Although  my  ciperimcntB  led  to  no  very  instructive  coiidiuion, 
thn  arc,  I  think,  worth  stating. 

I  fint  tried  dissolving  chloride  of  sodium  in  frcab  water  till 
the  Utter  was  of  the  same  density  as  sea  water.  Sartia  dropped 
into  snch  a  lolntion  continued  to  live  for  a  areat  number  of 
boon ;  bat  tlicy  were  conspicuouely  enfeebled,  Eeeping  for  the 
most  part  at  the  bottom  of  the  vessel,  and  having  the  vigour  of 
their  swinimintr-motioiia  gn-atlv  impaired.  The  tcntnclM  tod 
polypite  were  strvngly  retracted,  as  in  the  case  of  exposure  to 
rrwh  water,  and  the  tissues  also  became  slightlr  opalescent, 
"niiulung  that  perhaps  n  fairer  tc»t  wonid  be  only  to  add  as 
much  chloride  of  sodium  to  the  frexh  water  as  occtus  in  ee« 
water,  I  did  so ;  but  the  result  was  much  the  tame.  On  now 
tdding  sulphate  of  magnesium,  bowerer,  to  the  amount  normally 
pnMBt  in  aea  water,  the  Sartia  became  more  active.  I  next 
tried  the  effects  of  chloride  of  sodium  dissolved  iu  fresh  water 
to  the  point  of  saturation,  or  ncnrly  so.  The  Sariiir,  of  course, 
floated  to  the  surface,  and  they  immedialely  begun  to  show 
symptoms  of  torpidity.  The  latter  became  rapidly  more  and 
otore  pronounced,  till  spontaneity  was  qnite  suspended. 
The  animals,  howerer,  were  not  dead,  nor  did  they  die  for  nuuiy 
hoor^— their  irritability  coiilinuiitg  uoim^iaired,  although  their 
apontaneity  had  so  coinplelelv  censed.  The  tentacleji  and  polypttc 
were  exceedingly  relaxed,  which  is  an  inleresting  fact,  as  being 
the  converse  of  that  which  occurs  in  water  containing  too  small 
a  proportion  of  salt.  Lastly,  to  give  the  density  hypothesis  a 
tttll  more  complete  trial,  1  dissolved  varioos  neutral  salts  and 
other  sabstano«>,  sucli  as  sugar,  &c.,  in  fresh  water  till  it  was  of 
thit  dcDntr  of  aea-waUr;  but  in  all  cases,  on  immersing  Sartia 
in  such  solutions,  death  was  as  rapid  as  that  which  followed  their 
immenion  in  &esh  water." 

Terminology  of  Beprodnctive  Organs  aad  Classification  of 
IhalloptLyta*. — Our  rcadent  are  requested  to  substitute  the  fol- 
lowing  table  for  the  one  given  ou  pp.  416,  420  of  the  last 
Dumber  of  the  "  Journal," 

We  take  this  opportunity  of  thanking  ma&y  correspoodenta 
for  their  kind  and  encourogiog  criticisnw ;  and  of  maVing  the 
iblloving  correction*  and  emeudations. 
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Ihc  most  recent  inmtigttioii»  of  tbe  dftridiMttt  point  la 
their  Rjsleinitic  p(»iuoa  amoDjf  the  '/.ygomjcetn  uext  to  tbe 
Uucorinis  rather  than  unong  t&  Oomjcetes.  A  corresponding 
eofrccikHi  sbonid  be  made  on  p.  40y,  lines  8 — 5  ftoni  botlom. 

Bsitbold's  diKOJCTj  of  titc  coiijugition  of  zoocporcs  (ukhethd- 
mherea)  in  Dtw/dadas,  folloving  the  rimiUr  obiertattno  of  De 
B«]r  ukI  Strsstnirger  in  AeeUihularui,  points  to  tiie  probsbl« 
loodioii  of  the  whole  UxeSij  of  Jtatyeliutea  uoong  the  Zjrgo> 
pliyce»,  near  to  Botrydiete,  rather  tfaui  unong  Ibe  Ooph^eee. 

On  p.  416,  L  21  from  bottom,  "  Dennidine"  tbamld  be 
DittlooiiiceK. 

On  p.  4)8,  1.  £1,  the  Urcdiuese  and  L'ltilftginex  *hould  be 
lumcd,  in  addition  to  the  Basidiomyoetesj  as  Cupomycetc*,  in 
nliich  the  s(»ual  orgaaa  (at  kftat  the  feoule  oom)  an  it  pteaent 
nnknown, 
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Femak. 
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Oosphete. 
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Zooaponugiiun. 
Zooapoie. 
Heguoospore. 
A.uxosporB. 
H^  pnosponngiiun. 
Hjpnospore. 
Farthenoapore. 
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Ti*    MiNtJTK    ASATflMY    of  the    BrACHIATB    ECFlIKOnKKMS. 

By  P.  IIbbbkrt  Cakfkntrb,  M.A.,  As4tstanl-!Mn)t«T 
at  Eton  College.    With  Plates  XI  nad  Xll. 

In  tlie  follotring  p*ges  I  propoae  to  give  somv  a«eount  of) 
the  woik  that  baa  bmn  done  during  the  laiti  few  yoars  upon 
the  minute  anatomy  of  the  Starfi<^lies,  Ophiurids,  and 
Crinoi<l».  I  do  not  intend  to  touch  upon  the  question  of 
the  •k«tc(oii  nt  all,  aa.  I  have  already  iU«cu»K-d  its  tnor- 
^_^phoIo^  ill  the  [isges  of  this  Journal.'  At  prc-J^nt  I  aim 
^■•nily  m  giving  an  intelligible  account  of  what  appear  to  be 
^^wvU^cttablished  discoveries  in  the  anatomy  and  physiology 
I  of  the  nervous,  vascular,  and  generative  systems  of  these 
I       thrrc  groups. 

^^  Bv  far  the  moet  important  ofiho  recent  idsearches  in  this 
^B«abjeci  arc  rhose  of  Ludwig.^  Others  m-iy  hnvi*  devoted 
^Vmore  attention  to  particular  groups,  bui  no  one  has  worked 
so  extensively  at  mcteasinf;  our  general  store  of  fncts  in 
Ecbtnodrrm  morphology  as  he  hns ;  while,  at  the  same  time, 
hU  obtrrvntionK  are  by  far  the  most  nccurnte  anil  trustworthy 
of  any  that  bavc  been  recorded.  Although  there  are  one 
or  two  Iheotelical  points  with  respect  lo  which  our  opinions 
arc  entirely  different,  1  have  no  hesitation  iii  saying  that  I 
have  the  utmost  contidenco  in  his  facts.  There  are,  of 
eour«c,  many  anatomical  peculiarities  that  were  more  or  less 
perfectly  elucidated  by  bis  predecessors,  but  on  the  whole, 
no  one  ha*  done  so  much  as  he  ba.s  towards  correlating, 
cystematising,  and  verifying  or  correcting  the  mote  or  less 
confiiciing  omervations  of  other  investigators. 


he  Or*l  utd  Apical  8]<tlcin«or  Iho  Eahinoderms."  'Quart.  Joura. 
d.'  vols.  XTiii  and  lii.    " Some  disputed  points  in  Ecliinodcrm 
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Were  it  not  for  hia  work  on  the  'Anatomy  of  tiieSUrfisho«,' 
the  observations  of  three  other  Bnlhors,  which  were  pulilivhrd 
in  1876,  would  onlf  bare  iDcrraved  the  confutiion  that 
already  existed  ia  this  (tibject.  This  has,  in  fact,  been 
the  cace  with  rc<|>ect  to  the  L'rcfains  and  llolothuiiana, 
though  in  a  less  degree,  and  it  is  now  very  desirable  that 
the  minute  anatomy  of  both  tbew  groups  should  be  rein- 
vestigated by  the  light  of  our  present  knowledge  of  the  other 
Echiootlenns.  It  is  more  than  probable  that  the  results  of 
such  inTestigntioti  would  lu-crfsiiate  the  giving  up  of  many 
of  our  present  idriis  concerning  the  nervous  and  vasculai 
•ystems  of  tbeve  two  orders. 

It  will  nerlians  be  best  if  we  commence  our  stndtn 
with  the  Starfishes,  which  are  probably  the  best  known 
among  the  Echiooderms.  Having  ac<|uireil  some  ooder- 
standing  of  their  typical  atnicture,  wc  can  proceed  to  con- 
sider that  of  tbeOphiurids,  and  finiiUy  that  of  the  Crinoids, 
which  presenta  many  singular  deviation*  Iron  the  OTdtuar) 
Echiiiodtrm  type.  I  fball  not  attempt  todotnuvb  mot*  thin 
describe  the  actual  anatomical  facls,  leaving  almoct  entirely 
out  of  consideration  any  identification  of  narlicolar  parte 
with  the  structures  mentioned  by  the  older  anatomiats. 
This  (if  required)  must  be  sousbt  for  in  ihe  original  me* 
moirs  themwlres,  a  list  of  which  is  to  be  found  at  the 
conclusion  of  this  paper. 

Figure  3  till  Plate  XI  is  ■  diagrommntic  transverse 
aedion,  representing  the  structure  of  a  Starfish  arm.  On 
the  tefi  side  the  section  is  su|>poeed  to  pass  through  a  va- 
tebral  ossicle,  while  on  the  right  it  paaec«  between  two  auc* 
cessive  ossicles.  The  pyloric  ctecum  (p-c.)  is  omitt«d  from 
the  left  side  (or  the  sake  of  clearness,  while  on  the  right  the 
gmital  gland  (oo.)  is  not  repre«>ented.  The  integument 
lining  the  anibuliteral  groove  between  the  rows  of  tube  feet 
difleiB  considerably  from  that  covering  the  rest  of  th»  exte* 
lior  of  the  body.  It  is  usually  more  or  less  raised  into 
a  median  ridge,  and  consists  of  two  principal  layrrs,  na  outer 
celloUr  and  an  inner  IJbrillar  one.  Tlie  UiU-r  {figs,  i  and 
b,n.)  is  thickcct  in  the  middle  line,  but  thios  away  latenlly, 
while  the  fuTnurr  [a.e.)  u  merely  a  modified  portion  nf  tl' 
general  vxtt-nml  irpithclium  of  the  arm  (b),  wiih  which 
is  eontinuouB  at  the  aides  of  the  groove.  This  lunbuls 
epithelium  consists  of  columnar  cells,  each  bearing  cill 
which  seem  to  pass  througli  delicate  pores  In  the  lupcrfic' 
cutieular  layer.  The  cella  aro  closely  packed,  and 
nnclei  are  situated  at  different  ha'tfhis,  su  as  to  produce  thf 
AppcBiancc  of  there  being  •crci^  tlifTenint  Inyatv  uf  « 
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(17,  81).*  The  cell  bodiet  are  gupponed  upon  long  rods,  the 
buee  (^  which  are  often  forked,  and  rest  upon  the  connec- 
tire-tigsue  membrane  that  separate*  the  ambolacnl  epi- 
thelium iTom  the  vascular  a{^ratus  ubove  it  (Gg.  5,  cf.), 
Betneen  thcee  vertic»l  rods  lie  the  tongitudinal  fibre*  of  the 
subepithelial  laj-cr  (n.),  to  which  a  nervous  character  is 
genetmUy  aHignod  (SI,  SS).  Intercalated  amoug  the  fibrils 
m  email  masees  of  nucleated  protoplasm,  which  are  con. 
tinuooa  with  thar  aubetance,  and  aometimes  mark  the  points 
at^which  they  divide.  Ludwig  regards  these  smnll  c^ls  as 
nerrc-cells,  but  they  escaped  the  notice  of  Lnngtr,  who  was 
coneequenlly  led  to  assign  a  nervous  character  to  a  cellular 
layer  on  the  upper  (i.  e.  dorsalj  side  of  the  above-mentioned 
Gonnuctire- tissue  membrane  (fig.  6,  ep.). 

The  observations  of  Ludwig  and  Teusoher,  however,  prove 
tliat  Lange's  masses  of  nerve-cells  are  merely  local  thicken- 
ings of  the  epithelium  lining  the  radial  pcrihfemal  canals. 
They  arc  not  consUnt  iu  all  .Vstcrids,  and  when  present  are 
not  continuous  through  the  my.  A  similar  thickening  in 
the  Miistomc  of  Ailcracanthion  rubens  is  represented  in 
fig.  6,  tp. 

Above  and  within  the  nerve  band  is  the  blood-vaicular 
apparatus  of  the  nmbulncnim,  which  is  very  complicated  in 
its  arrangement.  Between  the  basement  mvntbranc^suppoit. 
ing  the  ambulacral  epilheliuro  (fig.  6,  ct)  and  tiic  baud  of 
connectire  tissue  that  bears  the  lower  transverse  muscles  of 
the  arm,  immediately  under  the  water-vessel,  is  a  relatively 
large  space,  which  extends  through  the  whole  length  of  the 
ambulacrum.  It  is  divided  into  two  lateral  portions  by  a 
perfonitpdvertical  septum, also  loiigituilinal  (fig.6,  (;.«.),which 
supports  the  radial  blood-vessel  (fig.  8,  i.).  The  latter,  which 
is  often  somewhat  pU-siform  in  character,  was  more  or  loss 

Eerfectly  known  to  Hoffmann,  Greeff,  Lauge,  and  Teuscher, 
at  its  Inie  relations  were  first  elucidated  by  Ludwig.  Ttie 
space  already  mentioned  (fig.  S,  r.^.)  between  the  water-vessel 
above  aud  the  ambulacral  epithelium  below,  which  is  ira- 
vened  by  the  perforated  longitudinal  septum,  was  named  by 
Ludwig  the  "  perihfcmal  canal."  It  had  been  previously 
called  the  netve-vcssel  or  iierw-canal,  and  was  supposed  to 
form  an  integral  part  of  the  blood-vascular  system.*     Now, 


'  Tki  DBiabers  in  brackets  refer  lo  s  list  of  recent  memoirs  oa  Eciiino- 
4ttn  saatom;,  wkich  i*  printed  *t  tb«  end  of  thin  pajicr. 

*  la  bis  "Aastooay  of  the  liiTcrtcbrata "  I'ror.  iluilc;  ipftoks  of  tlie 
pcriliKiiuJ  eaaal  w  tfao  kmbalierol  neucul  cimal,  snd  cxntusu  great  doubt 
M  (o  >lielber  it  really  bdoags  to  a  special  tjilem  ot  bioud-reaaels.  The 
ister  obMrvitiou  of  Ludwig  reader  tbe  old  view  uo  lougct  t«uaUe. 
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bowercr,  it  is  legHTded  by  I.udwig  merely  u  ft  derivative  of 
thv  hody-cavily.  At  lite  intervats  between  the  succcMive 
vertebrae  iu  tipper  third  is  cro«sed  \>y  «  series  of  traii«\-er»e 
septa  (fie.  5,  ^«.).  The  loD^itudinal  Mptum  liis  a  b^li^lii 
horixomal  cspftntion  nt  the  level  of  the  radial  blood-vessel, 
whidi  incrensos  in  sizit  at  the  origin  of  each  transverse 
Keplum,  but  uever  reaches  the  side  of  the  perihiemal  canal. 
Hence  the  latter  is  nowhere  completely  divided  into  ihri-e 
or  four  seta  of  chambers,  ns  n-a!^  formerly  supposed.  It  jpv«* 
off  lateral  extensions,  which  embrace  the  bases  of  the  lobe 
feet,  and  unite  on  theirouter  sides  lo  form  longitudinal  canals 
(21).  These,  which  were  formerly  regarded  as  lateral 
ausiliaries  of  the  radial  blood-vessels,  are  m  connection  with 
an  extensive  lacunar  system  in  the  body  wall  (fi^;.  S,  lac), 
which  can  he  injected  from  the  radial  (>erib«mal  canal, 
and  appears,  like  the  latter,  to  bo  a  derivative  of  the  body- 
ca\ity,  or  perbaps,  of  the  embryonic  blaslocml. 

In  the  peristomial  area  of  the  disc  the  radial,  nervou», 
and  vascular  trunks  unite  into  their  respective  oral  riii^s 
(Fl.  XI,  6rs.  d,  6,  8).  The  nerve-ring  {n.r.)  in  the  hp 
contains  circular  fibres  packed  among  tlie  rod-like  bases  of 
the  epithelial  cells.  The  basement  membrane  which  sun- 
norls  them  also  forms  the  wall  of  the  perihtcmal  ring-canal,' 
into  nhich  there  project  the  cellular  masses  dcecrihed  by 
LanfEc  '■*  nervous  (fig.  6,  ep.}.  The  ring-canal  itself  is 
divided  into  two  parts,  an  inner  and  an  outer  one,  by  an 
annular  continuation  of  the  longitudinal  vertical  septum  in 
the  radial  canal  (figs.  5,  6,  8,  «.).  This  is  situated  rather 
uhli(|ucly,  and  supports  the  oral  blood-vascular  plexus  (o.  6.). 
The  inner  canal  (■'.  p.)  in  the  oral  blood-VMCulftr  ring 
Tiedemanu,  while  the  outer  one  {o.p.)  is  the  orange-colour 
vessel  described  by  him.  The  latter  is  connected  by  inter- 
radial  eanaticular  extensions  with  a  widely-spread  canal 
fyslem,  situated  between  the  two  layers  which  form  the 
body  wall,  just  as  in  the  arms.  This  system  is  also  con- 
nected, as  will  be  seen  later  on,  with  the  perihwmal  canals 
surrounding  the  jtenital  vessels  (13,  H).  Both  Uie  innt 
ami  tho  outer  periha<mnl  Tiii(;-CBnalB  have  received  vsrioH_ 
namett  from  Ureeff,  Hoffmann,  Tcuscher,  and  Lasge,  whn  all 
reganled  ibem,  together  with  their  radial  extensions, 
integral  parts  of  the  blood-vascular  system.  The  rral  or 
blood- roscnlar  ring  was  seen  hy  Tiedcmann,  Qrceff,  nc 
Tcuscher,  but  its  true  relations  were  mtlj  tmperfeoll 
knuwn  to  them.     Greeff  conjectured  wkalLudwig  has  sinfl 

<  Tbik  is  Ihr  "  rimlsr  aearal  caatl "  meatiaBcd  ia  Uoiley's 
bnla.' 
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demonstraled,  viz.  tbe  connection  of  this  ring  with  a  large 

E*  txiform  bundle  of  vessels  (figs.  8,7,  8,c./>.),  whichascenas 
ihe  t\Ae  of  the  slone-canal  (#.  c.)  and  join^  nn  .iborsl 
lod^vascitUr  ring  (fig.  2,  a.  j.).  This  organ  wa»  disco- 
vered by  Spix,  and  dettcnbed  by  Tiedemann  as  a  h<-arl  or 
beait-Iike  canal, by  Hofi'roann  as  a  glandular  bod}',by  GreefF 
as  a  Kill- like  organ,  and  then  again  as  a  heart  by  Tcucchcr 
and  Ludwig,  though  the  latter  author  hajt  mhca  abandoned 
the  uM  of  this  term  for  ihc  Echinoderms  generally,  and  now 
spenks  only  of  the  central  plexus.  The-  organ  in  question 
is  enclosed,  together  with  tbe  stone-canal,  in  a  large  tubular 
tpmce,  which  is  supported  by  one  of  the  interradinl  falciform 
mads  (figs.  7  and  H,  a. p.).  A  pi;rson  itandingin  the  dorso* 
ventnt  axis  of  the  Staifish  with  bis  feet  in  the  oral  ring, 
and  facing  the  stone-canal,  would  see  the  central  plexus  to 
the  right  of  it.  It  consists  (21,  S3)  of  n  close  network  of 
vessels,  partly  dividing  and  partly  anaMtomosing,  the  walls 
of  which  contain  conuvctiTC^tissue  fibres,  and  pcrhajis 
miucle  fibril  also.  Tbe  lumina  of  the  vessels  of  tbe  central 
plexus,  aud  likewise  of  those  in  tbe  oral  and  aboral  rings 
connected  with  it,  are  filled  up  by  large,  hrownii'h,  cellular 
bodies  of  a  peculiar  character,  which  an?  alHO  dciteribcd  as 
occnrring  in  the  coelom  and  in  the  walcT-vascular  system. 
Tiedemann  described  Ihe  central  plexus  as  responding  to 
stimulation  by  feeble  contractions,  and  Hoffmann  observed  it 
contracting  rhythmically,  the  same  peculiarity  characterising 
the  two  smaller  plexiform  bundles  Cfig-  ^, />■£-)  which  pro- 
reed  to  the  Moinach  from  the  aboral  ring  at  the  point  where 
tbe  central  plexus  joins  it. 

The  central  plexus,  like  the  rest  of  the  blood-vascular 
iystctn,  t«  surrounded  by  a  periheemal  canal,  which  is  the 
tubular  spaoo  mentioned  above  as  enclosing  the  central 
plexus  together  with  ihe  stone-canal  (figs.  7,  U,  a. />.).  It 
may  be  termed  the  axial  perihaemal  canal.  Its  central  end 
has  be«n  shovvu  by  Teuecber  and  Ludwig  to  arise  from  the 
inner  perihaemal  ring-canal  (figs.  0,  6,  8,  »'./».).  This  is 
only  separated  by  a  perforated  septum  («]  from  (he  outer 
penhnmal  ring  [o.p.)  which  unites  the  periha^mal  canals  of 
all  the  rays. 

The  so-called  "heart"  was  described  by  Tiedemann  as 
lermioating  dorsallj  in  an  aboral  vascular  ring,  from  which 
proceed  (1)  ten  genital  vessels,  (9.)  ten  vessels  to  the  pyloric 
CKca,  (3)  two  gastric  vcsscU,  the  plexiform  bundles  men- 
tioned above.  These  results  were  confirmed  by  Greefi*  and 
Hoffmann,  except  ns  regards  the  st;pposed  vessels  of  group 
^).    These  had  been  previously  shown  by  the  late  Professor 
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Shcrpejr  to  be  merely  the  nHtces  between  the  tiro  folda  of 
■ne»entery  in  which  each  pyloric  cieoum  it  clong  (fig.  3,  int.). 
They  are  only  paitially  t«parated  porlioo*  of  the  genenl 
body  cavity  with  which  ihej-  are  connected  in  the  ditc. 

Oreeff,  Hoffmann,  and  Teuscher  were  able  to  inject  tfa« 
tabular  tpaoe  enclosing  the  "  heart "  and  etone-c«nal  from 
this  ahond  ring  described  by  Tiedemann ;  and  Gi«eff 
described  the  lumen  of  the  ring  as  partially  filled  ap  by  a 
hollow  fold,  which  exhibits  the  same  slractarml  characters 
as  the  "  heart "  and  the  gastric  vaioular  bundles.  As  to 
the  case  of  the  oral  ring,  the  hollow  fold  discovered  by 
Oreeff  in  Ticdemann'a  anal  tiaa  has  been  shown  by  Ludwig 
to  constitute  the  true  aboial  ring  or  annular  plexus.  It  is 
more  or  less  filled  up  with  the  brown  cellular  elements 
already  mentioned  as  occurring  in  the  conlral  plexus,  the 
dorsal  end  of  which  joint  it  (&g.  it,  a.  b.).  The  space  around 
it  is  no  part  of  the  true  blood-vasoular  system,  as  suppoMd 
by  Ticdcmann  and  Greeff,  but  the  perih^inal  canal  corrc^ 
ponding  to  the  aboral  blood  •vascular  ring.  This  of  cottrM 
explains  the  injection  of  the  tubular  space  fromTiedvmRnn's 
ring,  as  it  is  merely  the  periheemal  canal  of  the  central 
plexus  which  joins  the  true  aboral  ring,  but  does  not  tenninsir 
in  it ;  for  it  piMses  upwards  and  attaches  itself  to  the  under 
surface  of  the  disc  just  ouuide  the  madreporite  (fig.  S,  r). 

Just  in  the  same  manner  the  structures  hithrrto  ilescribed 
OS  the  two  gastric  vesaek  are  merely  the  {K-rihiemal  canals 
corresponding  to  the  real  ressela  which  they  encloae 
(fig.  i,  p.  b.).  The  ultimate  ramifications  of  the  latter  are 
not  known,  but  they  contain  the  tame  brown  cells  as  ihc 
rest  of  the  blood-vascular  system. 

Up  to  the  time  of  Ludwig,  the  true  veMeU  of  the  genera- 
tive organs  had  n^ver  been  properly  observed ;  the  Biructures 
desc:ri)>ed  under  (hat  name  by  Tiedemann  and  others  being 
merely  their  perihaemal  canals.  They  are  ten  in  number, 
arising  from  the  aboral  ring  (fig.  8,  g.  p.),  and  each  expand- 
ing inio  a  sinus  around  one  of  the  spreading  genital  glands 
(fig- 8,  jr.).  The  pcrihiemal  canals  enclosing  ihem,  which 
Start  from  Tiedematui's  ring,  arc  directly  connected  with 
the  lacunar  §ysteni  in  the  body  wall.  Hofiinann  was  led 
to  suppose  that  in  the  Starfishei  devoid  of  the  inlerbrachial 
geniiai  opening*  deeeribed  by  Mtiller  and  Troschel,  the 
neribtemal  canals  are  in  immediate  connection  with  the 
intemal  cavities  of  the  glands,  (he  blood  having  direct 
aceesi  to  (he  follicles.  He  imagined  these  caual^ 
as   ducts,  the  ova   passing  along  them   into   Tin  .' 

ring,  ihenec  into  the  tubular  space  and  oat  In  the  exterior 


JflNUTS  ANATOUy  OF  THB   BEACHIATE  B0II1NODKKM3. 

tbrougli  the  pores  in  Uie  mailreporit«.  OteeS  rocogaised 
tbal  the  «o-calti'(l  gcnilnl  \cfs^\s(i.«.  peiihxmal  caiinU) 
surrounded  thu  gUmU;  but  be  supposed  tbo  glands  to  open 
iQtothem.antl  thAt  tbe  sexual  products  passed  out  by  the  iiitcr- 
bncbiol  pores,  which  would  thus  place  Ibc  blood-vascular 
system  in  direct  communication  with  tbe  external  water. 

Ludwig's  later  observatioDs  have  shown  that  definite 
(^iiitiil  openings  arc  present  in  all  Starfishes,  varying  in 
number  froin  ten  upwards.  They  sometimes  extend  out  on 
to  the  arms,  so  that  the  prcMnce  of  individual  openings  for 
tbe  numerous  separate  glands  in  tho  arms  of  Brisinga  ia 
no  longer  such  a  striking  peculiarity  as  it  was  formerly 
supposed.  Each  genital  nore  (tig.  3,  g.p.)  leads  into  a 
distinct  cfleTent  caual,  which  pierces  the  peribcemal  canal 
and  its  contained  vessel,  and  enters  the  cavity  of  the  gland, 
to  wbicb  it  serves  us  n  duct.  In  most  cases  these  pores 
are  on  the  dor*al  surface  of  the  arm,  but  in  Astcrina 
gibbosa  they  are  ventral  (25). 

It  will  be  seen  from  what  has  been  said  above,  that  the 
porea  of  the  ruadreporic  plate  were  supposed  by  Hoffmann 
to  lead  into  the  tubular  space  around  the  stone^anal  as  well 
asiotolhestone-canal  itself.  lie  likewise  believed  tbemarttiiial 
pores  of  the  madreporite  to  lead  directly  into  the  ctelom. 
This  connection  of  th"?  water-vaKular  and  the  blood-vas^ 
colar  systems  through  the  pores  of  the  madreporite  with 
tbe  exterior  and  with  one  another  was  also  believed  in  by 
Greeff  and  Tcuschcr.  Their  views  rested  principally  upon 
Ifae  results  of  injeetion  not  checked  by  the  section-method, 
which  arc  nece»aril;  liable  to  much  error.  Ludwig,  how- 
ever, after  making  sections  in  three  planes  through  the 
madreporic  plate,  satisfied  himself  of  the  truth  of  the  older 
riews  of  Sbnrpey,  L.  AgaKiiz,  Miiller,  and  Tieilemann, 
vii.  that  the  pores  of  the  madreporite  lead  simply  and 
soley  into  the  sione'C»nal.  The  interior  of  the  plate  ia 
Iraversed  by  pore  cannls,  wbicb  correspond  in  position  with 
the  radiating  furrows  on  ils  upper  eurfaee,  and  communicate 
with  them  by  short  vertical  tuoules.  These  are  lined  by  a 
pavement  epithelium,  which  becomes  columnur  and  ciliated 
at  their  openings  on  the  surface,  and  likewise  in  tbe  actual 
stone-canal  itself,  into  the  top  of  which  the  radial  pore 
canals  open  (fig.  7,/>.).  At  the  aboral  edge  of  the  attach- 
ment of  the  Btone-canal  to  the  madreporite  is  a  lateral 
diverticulum  of  the  former,  into  which  some  of  the  collect- 
ing lubes  of  the  madreporite  open  (12,  SI).  It  is  occa- 
sionally double  or  even  triple,  but  its  wall  it  never  calcified 
like  that  of  tbo  stone-canal,  and  it  is  lined  by  pavement 
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epitbeHuDi.  On  tlic  olhcr  liaiid,  the  epithelial  cells  lining 
tue  stone-canal  are  liigh  and  ciliated)  and  its  nails  more  or 
IcMplicatedjin  some  species  very  much  to;  the  plicaiions being 
iitipported  by  talcarpous  nngx  of  various  fonns.  Tow.irds 
its  ventral  cnil  <ill  (he  plication  c«a»es  and  it  join*  the 
wator-viitculnr  ling  as  a  simple  lube.  So  far  as  we  know 
with  ecrlMinty,  the  water-vascular  and  blood-vaacular 
8yslem»  are  entirely  distinct,  though  the  injections  of  Hoff- 
mann and  GreefT  have  led  thrm  to  believe  in  a  communi- 
cation  between  the  two  tysienns  in  the  rcfiion  of  l)i'-  iliw. 
At  any  rate  the  old  view,  which  was  iMMd  chiefly  on  the 
icAiilts  of  injections,  is  no  longer  tenable,  vis.  that  the  two 
are  connected  by  the  ten  *'  brown  bodies  of  Tiederoana," 
am.ill  eminences  resting  un  the  water-vatcular  ring  (lig.  6,t). 
Ludwig  finds  these  structures  to  be  lateral  diverticula  of 
the  water- vascular  ring,  which  are  lined  by  an  epithelium 
of  cuboid  cells,  and  contain  the  brown  cellular  bodies  that 
have  been  described  n»  present  in  tlic  blood- vascular  system. 
But  there  is  no  coiiiK-etioa  between  these  diverticula  and 
either  the  perihiemal  rinK  canal  (fig.  (i,  i.jD.,0. /t,)orthe  true 
oral  hloo^- vascular  ring  {o.b.). 

The  origin  of  the  lateral  traaks  from  the  radial  watar- 
vessels  i?  protected  by  a  valvular  arrangement  discovered  by 
Jourdain,  the  effect  of  which  is  to  prevent  a  reflux  into  the 
radial  rauels  after  contraction  of  the  ambulacral  vesicles  for 
the  purpose  of  expanding  their  corresponding  lubv  fnl. 
Lange  and  Ludwig  have  found  this  sirucmre  to  be  univcr- 
colly  distributed  in  the  Asterids,  and  Ludwig  describes  jc' 
at  also  present  in  Ophiurids,  and  in  some  Urchins  (10,  17, 
81.  27). 

Although  Sars'  observatioRB  had  led  htm  lo  believe  that 
Brisiiujaxs  entirely  devoid  of  a  special  blood- vascular  system 
distinct  from  theccelotn,  Ludwig  has  shown  that  in  this  as  in 
other  sliuciural  chanu-ten  it  i«  a  true  Aslerid,  baving  a 
dorsal  and  ventral  ring  and  a  central  plexuK  connectiDS 
them.  This  organ  was  known  to  Sars,  together  with 
perihiemal  space  around  it,  and  also  the  otul  perihiemi 
ring  with  its  radial  prolongiitions,  but  he  did  not  regar 
the  latter  as  in  any  proper  xense  entitled  to  he  called  hluoil-' 
vessels,  while  he  altogether  denied  the  cxisitncr  of  any  at 
blood-Toscular  system. 

S.   Ophiuroid«a. 

The  mintitir  anatomy  of  the  Ophiurids  has  been 
ligaled  by  Langt-,  Teutchor,  and  Sinuolh,  and  most 
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by  Liidwig,  who  has  ahown  that  thtiy  eom>»pond  clovel}*  with 
the  AKtcrids  in  thv  v»M-nli«l  ilvlail*  or  tlicir  OT^iiiFntion. 

MuUer's  diacoTery  of  the  inailrejxiric  opeiiiii;^  on  otic  of 
the  mouth  shields  of  Opfiiofflypha  laceriosa,  which  ha»  been 
generally  oveilooked,  has  been  confirmed  by  Ludwig  and 
extended  to  other  Ophiiirids.  Tlicre  is  usually  only  one 
pore  which  leads  into  a  bent  canal  with  laternl  diverticula, 
and  lined  by  ciliated  ei>itheliuin.  Some  Ophtura  and  many 
Euryalidfi  have  several  poies  on  one  month  shield,  while  in 
J^rickaater  elegant  there  is  one  pore  in  each  interradiua  (22). 

Above  the  madreporite  lie  the  Ktone-cannl  and  central 
plexus,  which  are  together  enclosed  in  a  pi;riha*mal  spaca 
that,  with  ita  contents,  was  ilcscribed  as  the  3toiiL--cHaiil  by 
Muller  and  Teuscher.  The  real  stone-canal  (waier-luhe), 
vrhich  wai  first  recognised  as  such  by  Simro[h,i8  lined  atio 
the  Asterid*  by  ii  cihated  columnar  epithelium,  ntid  it  opens 
just  above  the  madreporitc  into  an  ainpuUa-Iike  ciivity  lined 
by  pavement  epithelium.  Ludwig  believes  the  pore  canal  of 
toe  madreuorite  to  open  into  [his  space  as  its  fellow  dues  ia 
the  A«teiid»,  but  he  has  never  been  able  to  prove  it,  though 
he  ha»  d<-mon»trated  the  connection  of  the  upper  end  of  the 
waler-iubeiviih  the  water-vascular  ring  (PI.  XI,  fig.  4,  uj.r,). 
This  heart  either  no  Polian  vesicles  at  all,  or  four,  one  for  each 
of  the  remaining  interradii  (P.)> '''  numerous  blind  tubular 
diverticula  of  various  shapes,  which  are  merely  modified 
Polian  vesicles  (27, 29, 32).  In  most  cases  the  ring  given  off 
bifurcating  trunk*  which  supply  the  Inrgc  buccal  feet  {!>./'.)■ 

The  blood- vascular  system  of  the  Ophiurids,  like  that  of 
the  Asterids,  consists  of  dorsal  and  ventral  ring*  united  by 
a  central  plexus  (PI.  XI,  fig.  1).  The  former  sends  off 
branches  to  the  genital  glnnds  {g.  c),  while  from  the  latler 
there  ariw  the  radial  blood>resscls  (figs.  1  and  4,  b.).  These 
liut  were  discovered  and  correctly  described  by  Lange,  but 
Teuscher  at  first  supposed  ihoin  to  be  parts  of  llic  nervous 
system.  They  lie  immediately  above  the  nerve  )>and  (fig. 
4,  n.),  and  send  off  branches  to  the  lube  feet  which  arc 
accompanied  by  nerves.  Between  tho  blood-vessels  and  the 
wBter-vcacls  of  the  arms  am  the  pcrihicmal'  canals  of  the 
former  (fig.  4,  r.  p.),  which  are  connected  laternlly  with  the 
contracted  remiianls  of  the  extension  of  the  body-cavity 
into  the  arm  that  lemain  between  the  body  wall  and  the 
vertebTK  (27,  32). 

In  the  disc  the  radial  perihicmal  canal  communicates  as 
in  the  Asiciids  with  the  outer  of   the  two  perihtcmnl  ring* 

^  Neural  cansis,  Uuxlej. 
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cKnai«,  whi«h  has  been  hitherto  describtd  u  th«  blood<n»- 
ctilar  ring  (Gg.  4,  o.p,).  Tb«  real  oral  ring,  however,  fron 
which  the  radial  vessels  originate  (o.  li.),  U  ia  close  eoonec. 
tion  with  the  nerve  rins  (n-  >"■}  and  joins  the  upper  enii  of 
the  central  plexus,  which  ascends  from  the  mouth  shield 
alongside  the  water-tube.  As  already  mentioned,  these  two 
are  enclosctl  tvitliin  n  p<-rihaMnnl  space  which  is  connected 
with  tht  inner  pmhiemal  ritig-catiHl,  just  ax  is  llio  case  with 
the  axial  i>erili«mal  eanal  of  the  AMarids.  lu  otber  eod 
open*  into  the  perihffimal  canal  of  the  abora]  ring  (fig.  4, 
p.  A.),  the  disposition  of  which  is  very  singular.  Although 
natorallT  belonging  to  (he  dorsal  portion  of  the  disc,  onlj 
a  part  01  it  is  to  be  found  there,  rix.  those  sections  of  the  riog 
which  lie  beneath  the  radial  shields  (fig.  i,  a.  b^;  fig.  4,  a.  b.). 
Revting  on  the  mouth  shields  in  the  five  intemdial  spaces 
arc  five  other  sections  of  the  ring  (a.  6,.),  with  one  of  which 
the  central  plexus  is  connected.  The  five  radial  and  dorsal 
sections  are  connected  with  the  fire  intenadial  and  ventral 
ones  by  ten  descending  limbs,  which  pass  downwards  at  the 
sides  of  the  rays  (fig.  1,  a.  £,).  Just  before  lesviog  their 
dorsal  position  these  give  ofT  the  ten  principal  genital  vessels 
(Gg.  1,  ^.  e.),  branches  from  which  surround  the  glandular 
cieca  situated  between  the  genital  clefts  and  the  rays.  The 
cieca,  which  are  xituated  between  every  two  clefts,  receive 
their  blood  supply  by  lateral  branches  of  the  ten  descending 
limbs  at  the  sides  of  the  rays  (a.  h.^.  All  (be  separate  cseca 
are  connected  by  a  cellnUr  cord  concealed  within  the  vas- 
cular rin^,  which  is  regarded  by  Ltidwigaa  a  sterile  portion 
of  the  generative  apparatus  comparable  to  the  so-caUed 
rachit  of  the  Crinoids. 

It  baa  been  hitherto  supposed  that  the  genital  glands  of 
the  Ophiurids  "  pour  tlieir  products  into  the  peritoneal 
cavity,  which  communicate*  freely  with  the  exterior  by  tbi 
ticallv  elongated  aciertures  placed  interradially  on  it 
margins.'"  Ludwig^  observations,  however,  show  thai  thi? 
view,  which  was  advocated  chiefly  by  Miiller,  dues  not 
altogether  agree  with  (he  facta.  He  coniinna  the  earlier 
discoveries  of  della  Chinjc  and  Rathke,  to  the  effect  that 
the  so-c«Ued  genital  dens  lead  into  a  sac  situated  within 
the  ccclom  but  not  communicating  with  it,  and  rvcciviiig 
the  ddctsnf  the  genital  itlaods.  I'here  are  ten  of  those 
"burse"  in  the  disc,  two  in  each  in  torntdiiis,  which  He  close 
alongside  the  radial  skelpton  (fig,  I,  b).  Eacti  is  a  thin- 
skintiL'd  inraginallon  of  the  body  wall,  the  adradial  lower 
portiuu  of  which  is  supported  by  une  of  the  ao-called  geott 
*  Qulcj's  '  iDTUtchraU,'  p.  Wi. 
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Ules  [Bi/.) ;  while  tliv  abradial  margin  of  the  cleft  it  funned 
y  a  coDtinuation  of  llie  gcueral  laily  coveiiog  of  th«  ven- 
tral pemonae  (_£u".).  Tl>c  walls  of  lb*  «c  gotnetimes  contain 
Bmall  cakmeous  plates.     Into  fi««h  bursa  open  the  isolated 
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I^  1j— Disgnminatic  vertical  lection  acrait  a  radSu  of  nn  Optiieglfpha 
Bcar  tbe  idge  of  Ibc  diu.  Kd.iontX;  jTe.  valral  bodT-vnll :  Mr. 
ndUl  direrttculum  uf  iLo  BlDuiaoli ;  A.pOtiiOa  of  Uie  ftrm  iucluded  is 
tko  diM  i  £-  bursR ;  Su'.  llie  adradiftl  tAgt  of  tbe  bunal  cleft,  nitb  tb« 
bnnal  (geailal)  pUto ;  £«".  iU  abradinl  edgi^,  villi  ihc  scalei  nf  tbc 
leftttal  {leriHme  :  G.  MDitnl  tobet.  Tbe  axnvi  point  («  tlie  bunial 
eldU.    (Copiod  from  Ludvifr.) 

genital  tubes  (&.)>  Home  of  which  occupy  the  space  between 
It  and  tbc  ray,  while  others  are  situated  on  its  ubradial  side, 
•xtcmling  nearly  up  to  its  dorsal  surface.  Each  tube  ia 
surrounded  by  a  blood  space,  which  isderired  cither  directly 
from  the  abotal  ring,  as  in  tbc  caee  of  the  abradial  tubes,  or 
^m  the  genital  vessels  (adradial  tubes).  The  geitiul  pro- 
ducts are  not  svt  free  into  the  liody-cnvity,  as  was  fonnerly 
supposed,  but  merely  into  the  bnrstc  from  which  ihey 
reach  the  exterior.  It  is  possible  that  the  burfic  are  also 
re»piralory  organs,  serving  the  same  purpose  as  the  external 
respiratory  rsec»  of  the  Asterids ;  while  in  some  viviparous 
species  they  serve  as  marsupial  cavities.' 

Among  recent  Echinodvrms  there  is  no  siruotun'  at  all 
compumble  to  these  bursx'  of  the  Ophiurids,  but  Ludwig 
points  out  their  rcaerablance  to  the  hydrospires  of  the  Bias* 
toids,  and  vsiiecially  those  of  OrophocrinuM  (QtdoniUt).  In 
this  genus  tbe  hydrospires  hare  no  special  spintcuUr 
openings  at  the  apex  as  in  Pentremites.     There  are  also 

>  Stoder  kis  recently  pointed  oat  (■  Zool.  AoMiccr,'  No.  67,  p.  6!G)  Ibkt 
be  deseribod  ibeu  buns  a»  msnapisl  pouobct  m  long  arc  at  1S7G  ('  An* 
taiil.  Eehtnodennen.  Honstsbar.  d.  Berlin.  Akad.,'  l»70j.  In  Opiiamvta 
n'»4M»  ever;  pouch  eonUiD*  two  or  tbreafuUj-davelopedTOUDsstiLratbea, 
eecB  enclosed  m  a  thin  membruie  like  a  oboriou.  Oph<ttaiiHa  tinmara 
bas  fiwrteeD  clefts  and  Ibe  tnme  namber  of  poucbet,  in  each  of  whicli 


A 


180 


r.   nCRBrRT  CAXrKNTBE. 


no  rows  of  ]>ore«  at  the  Ricl««  of  the  imbulacrB.  But  the 
hfdrMpiret  communicnte  with  the  exterior  by  ten  inter- 
nulial  slits,  which  extend  itlong  the  sides  of  the  ambalacn 
rery  much  as  the  bursal  clefts  do  in  the  recent  Ophluridi. 
The  abradial  walls  of  the  burRae  nUo  exhibit  traces  of  iha 
}>licated  structure  which  is  m  chanictrnstic  of  the  hydrO' 
spires  of  the  Blaitoids.  This  comparison  is  one  of  great 
ittt«rekt  from  many  points  of  view,  but  a  discussion  of  the 
qneslions  it  inyolves  would  be  out  of  place  here. 

Miiller's  ticws  respectiof;  the  nervous  system  of  tht 
Ophiorids,  although  attacked  by  Langet  hnvo  been  abun- 
danlly  coiifiTined  by  Teusclivr,  Simroth,  and  l.udwig.  All 
these  four  observers  describe  a  band  of  tissue  (fig.  4,  n)  which 
lies  immediately  above  the  under  arm  plates  (S, — S^,  &c.J 
and  is  composed  of  two  layers,  an  outer  cellular  and  an  ■nn4_ 
fibrillar  one.  Latigc  roDsidcr*  this  to  be  merely  n  portion 
of  the  iutt^umcnt,  and  ha»  described  as  nervous  a  so-called 
ganglionated  cord  lying  above  it,  very  much  as  he  did  in 
the  case  of  the  Asterids.  The  other  obeervers  have  shown 
the  unteuability  of  this  view,  the  "  ganglion  cells "  being 
merely  portions  of  the  epithelial  ^1all  of  the  perihiemiu 
canal,  while  the  "  longitudinal  commissures  "  are  portions 
of  the  membranous  septum  which  separates  the  latter  from 
the  real  nerve  band.  Kach  radial  nrrvc  gives  off  two 
branches  lo  the  bursse,  which  leave  it  just  on  the  aboral  side 
of  the  origin  of  the  nerves  procee^ling  lo  the  second  pair  of 
bnccal  feel.  The  radial  nerves  are  connected  in  the  disc 
with  an  oral  ring  (£7,  S9j,  irhich  is  itnmodiately  conliguoos 
to  the  blood- vascular  ring  and  to  the  outrr  oral  prrihicmal 
ring-canal  (fig,  4,  ».  r.).  Willi  the  lailor  are  ronnecled  five 
interradial  spaces,  one  of  which  lies  on  the  adoral  side  of  tlie 
external  inlerradinl  muscle  of  every  oral  angle,  and  ia  con- 
nected with  the  c<»lom.  Separated  from  the  outer  ring- 
canal  by  a  septum*  is  the  inner  one  (fie.  4,  1.0.),  from 
which  arises  the  axial  penhemal  canal  that  mcloaes  the 
central  plexus  and  sand-canal,  just  as  is  the  case  with  its 
fellow  in  the  .\slends.  The  perihiemal  systetoa  of  the  two 
groups  are  essentially  similar,  except  that  the  Ophiurids 
lack  the  lacunar  system  which  is  so  nbundantly  developed 
within  the  integument  of  the  Asterids, 

■  It  IS  tVMteal  troni  fig.  1  Uwl  tbt  taoer  and  umtv  |i  11  iha  ml  riof  and* 
A|  tb«  Opkiaridi  tn  maoh  nor*  dittisolly  sqatntcri  tkui  tliej  are  u  the 
Asttridi.  Xhm  (amn  is  seponlai  Eram  the  bady-carit;  bj  Ih)  Motitai 
narial  >,  vbtb  nu*t  not  V  eaafoandcd  with  tlin  prrI>int«J  ttptiuD 
rUhn  lK«  rii>^.<aul  of  the  Astsriib  i  tfca  Mumrti  Uia  oral  bkNHt« 
imteiiac(lga.fi,«.A,*).  ^^  — 
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3.  On'noidea. 

The  Criuaids  occupy  n  very  curious  pOEitioa  among  the 
EchiDodernis.  Thcrv  »re  certain  structural  pcculinrities  ia 
which  they  rc^t^inble  the  Starfishes  much  more  tfaita  the 
Holothuriaua  do,  and  yet  they  possess  a  complicated  Kystem 
of  organs  which  is  absolutely  without  parallel  in  the  other 
Echinodermt. 

The  ambulacral  epithelium  lining  the  food  grooves  is 
CMcntially  siiuilar  to  that  iu  the  ambulacra  of  the  Star- 
iishee.  It  consists  of  closely  packed  columnar  colls,  each 
with  a  cuticle  and  numerous  cilia.  Their  loner  ends  are 
pointed  and  arc  apparently  connected  wiih  some  vertical 
fibres,  among  which  lie  the  Inngitudiiial  fibrilUr  bundles  of 
the  ambulacTAl  nerve.  These  vertical  tibrcR,  which  arise 
firom  the  thin  membrane  separating  the  nerve  and  radial 
blood-vessel,  ate  probably  merely  of  n  connective-tissue 
chancier.  Sometimes  in  Antcdon  Eichrichtii  there  is  a 
second  connvctive-iiwue  lamelU  vrhicii  sejiaralcj  the  nerve 
from  thi-  i'i>ilhelium  above  it,  and  supports  the  lower  ends 
of  the  epithelium  cells  (PI.  XII,  tig.  10,  n.),  but  its  presence 
does  not  appear  to  be  constant. 

Intercalated  among  the  longitudinal  fibtils  itro  many  very 
minute  cells,  just  »s  in  the  ambularral  nerves  of  tho  Stat- 
fisliM  and  Ophiurida,  which  have  a  close  histological  rc»em> 
Manet'  Iu  the  sub-epithelial  bands  of  the  Crlnoids.  Lateral 
branches  proceed  fiom  the  umbulncral  nerve  to  the  succes- 
sive  tentacular  groups,  but  there  nrc  no  representatives  of 
the  muscle  nerves  which  oe^ut  in  the  Ophiiirid*. 

Between  the  water-vessel  and  the  ambulacral  nerve  the 
middle  line  of  the  arm  (or  pinnule)  is  occupied  by  the  radial 
blood-vessel,  just  as  is  the  case  in  the  Starfishes  {PI.  XII, 
flgs.  9,  10,  11,  i.),  but  it  is  not  enclosed  in  any  peiihiemal 
space,  and  is  utuiilly  of  very  small  si/,e,  so  as  occasionally  to 
escape  notice  altog<^iher.  Un  the  other  hand,  il  is  somrlimrs 
relatively  very  large,  as  in  Actiuometra  nigra.  Immediately 
beneath  it  is  the  radial  waler-vessel  {figs.  9 — II,  w.),  from 
which  lateral  branches  proceed  alternately  on  opposite  sidea 
of  the  arm  to  the  different  teniaeular  groups,  each  branch 
being  accompanied  by  corresponding  ones  from  the  blood- 
vessel and  ambulacral  nerve.  The  three  radial  trunks  are 
continued  over  the  disc  (figs.  14, 15j  to  the  peristome,  where 
Uiey  unite  into  iheir  resiwctivc  circumoral  rings. 

Uepending  from  the  water- vascular  ring  into  the  body- 
cavity  are  a  number  of  small  tubules,  open  below  and  lined 
by  ciliated  columnar  epitheliiun  (fig.  14,  to.  t.) .  Their  cumbut 
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Tsries  conridetaMf  in  tAuU  Oomatuia,  reaching  thirtr  or 
Bore  in  rach  iaternidius  of  Ant^don  rotacta  ;  but  in  jRam»- 
crinttt  ant!  in  the  young  Atttedon  tbcrc  ia  but  one  in  each 
intcrradius  (SO),  n-hiliMn  tbo  early  st«ecs  of  tho  Pentacrinoid 
tar>'«  of  AnUdon  there  is  only  one,  which  19  always  situated 
in  llie  same  interrsdius  aa  the  foregut  (26).  CorrespondiDg 
10  these  water-tubes  ("SteiDkanale,"  Ludwig),  the  Tentm 
perisome,  whether  eoft  or  plated,  is  pierc«d  by  a  variable 
number  of  water-pore*,  which  lead  from  the  exterior  directly 
into  the  body-cavity  {fi«.  14,  15,  ir.  p.).  They  are  the 
extvmal  o|)«iiings  of  smalt  cauals  lined  by  columnar  epithc- 
lium,  and  expanding  almost  immediately  into  enlargements 
in  which  the  epithelium  is  ciliated.  The  inner  end  of  the 
canal  beyond  tnc  enlargement  is  lined  by  parement  epithe- 
lium, and  opens  into  the  body-cavity.  The  number  of^theae 
water-pores  is  very  large,  but  very  varinblc,  aud  thcv  are 
not  limited  to  the  disc,  for  I  havi^  found  tliem  on  the  town 
parts  of  the  arms  (fig.  15),  and  even  on  the  proximal  pin- 
ouIm.  Id  both  thece  cases  ihey  open  into  that  eectiOD  of 
the  bodj-carily  wluch  surrounds  the  generative  apparattis, 
and  is  known  as  the  genital  canal.  Ludwig  has  estimated 
their  number  in  the  adult  Antedon  macea  at  about  15O0, 
while  in  the  young  Antedon  and  in  iUtmon'nur  there  is  but 
one  in  each  interradius  (SO),  and  in  the  Pentacrinoid  lam 
there  is  only  one  which  pierces  the  lateral  margin  of  th« 
oral  plate  that  is  in  the  same  intermdius  as  tho  nngl« 
water-tube  (£6). 

By  means  of  the  water-nores,  body-cavity,  and  water- 
tubM,  therefore,  the  ambulacral  system  of  a  Ciinoid  is 
placed  in  communication  with  the  external  water ;  and 
Ludwig  regards  the  water-pore  and  water-tabe  together  as 
conjointly  representing  the  mndreporic  apparatus  and  stoae- 
canal  of  the  Starches  and  Ophiurids.  A  multiplicaliou  of 
these  organs  may  occur  in  both  groups,  which  is  merel] 
carried  somewhat  further  in  the  Crinoids,  and  the  nature 
the  epithelial  lining  of  these  aSerent  channels  is  the  same  ' 
all  three  groups.  It  remains,  however,  yet  to  be  prove 
that  the  disconnected  water-pore  and  wnter-tube  of 
AtU(idoH  larra  are  morphologically  equivalent  to  the  sloc 
canal  and  madreporic  apparatos  of  the  olhcc  Echinodc 
tbongh  it  is  cortainly  oxoeedtngly  probable  that  they  are 
At  pn-smi  we  do  not  know  enough  of  the  rarlin  stages 
their  li'-^-  '■  "-i-nt  lu  be  (juile  »urc  of  thfir  (...fMitigy  nii 
tb«r  ui  analogues  in  \\ie  other  t*.  >f. 

Betwetu  me  doiaal  akWeinu  of  the  arms  a\x>: 
the  water-Tcftsels   on  their  ventral  side,  are  '■■ 
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proloneationsoftbGboJy-cnvity  (fig«.9 — 12).  TlicmiJdlcont^ 
into  wliich  open  tliu  wau-r- poi<-K  oil  llio  urns  and  pitiiiiilcs, 
U  the  gvniul  vaiial  ali(.'a(ly  mentioned  (ligfl.  9,  10,  1",  15, 
jr.  c).  The  canals  above  and  below  it,  which  comniuDicate 
with  one  another  at  the  end  of  each  arm  or  pinnule,  ate 
known  respectively  as  the  ventral  or  subtentacotar  {».  t,  c.\ 
sod  the  dorsal  or  caeliac  (c.  c).  They  axe  sometimes  coa- 
Dccted  in  the  pinnules  by  a  series  of  lateral  trunks,  as  seen 
in  fig.  IS.  In  thusv  Crinoids  which  have  a  central  mouth 
LAntedon,  Pentacrinta),  the  subtentacular  cauaU  all  arise 
from  a  lai^e  central  space  in  the  axis  of  the  visceral  mass, 
around  which  the  digestive  tube  is  coiled.'  In  Actinofmtra, 
however,  which  has  an  exceutric  mouth,  the  subtentacular 
canals  of  the  disc  gradually  become  iudistiuguishnbic  from 
the  genernl  body-cavitj-j  and  there  is  no  distinct  axial 
coelom.  Current*  proceed  through  the  subtentacular  canaU 
to  the  tips  of  the  arms  and  pinnules,  and  return  to  the  disc 
again  by  the  coeliac  canals  (3).  These  currents  are  due  to 
t£o  action  of  cilia,  which  are  not  uniformly  distributed,  but 
m  localised  in  little  cups  on  the  top  of  each  pinnule  joint 
that  supports  the  lower  part  of  the  cceliac  canal  (figs.  9,  11, 
IS  ci.  c).  The  genital  and  cceliac  canals  are  continuous 
respectively  with  tlio  ventral  and  dorsal  portions  of  the  cir- 
cumvicevial  diviition  of  the  body -cavity,  i.e.  the  space 
between  what  have  been  called  the  visceral  and  parietal 
layers  of  the  peritoneum  (3,  8).  In  Acttmmwtra  the  sub* 
tentacuUr  canals  accompany  the  genital  ones,  and  enter  the 
ventral  division  of  this  space,  the  nholc  of  which  is  laid 
open  when  the  dt»c  is  removed  from  the  calyx. 

The  blood-vascular  «yi«tem  of  iJie  Criuoids  differs  in  eeventl 
important  points  from  that  of  the  Startiihes  and  Ophiiirids. 
In  the  firvt  place  (here  is  no  definite  aboral  ring,  nltliuugh 
there  is  a  representative  of  the  central  plexus,  the  so-called 
"  bean"  of  tne  Starfish.  This  organ  consists  of  an  irregular 
lobate  bundle  of  vessels,  which  rises  out  of  the  calyx  into 
the  lower  portion  of  the  visceral  mass.  In  Anteaon  and 
Penlacrinwi  it  ascends  nearly  in  the  verlical  axis  of  the  body, 
la  the  immediate  neighbourhood  of  the  axial  ca:lotn,  to  the 
point  at  which  the  latter  subdivides  into  the  five  subtenta- 
eular  canals  of  the  disc.  Its  further  couise  is  exceedingly 
difiScull  to  follow.     Both  Ludwig  and  myself  believe  it  to  be 

'  Tkis  ii  veij  well  aliown  in  Ludwig's  dingrnminatic  Tcrlical  section 
of  SM  Juiedtm  (19,  jil.  lii).  Hia  tgan  (wbicli  U  rcprortuced  iu  tlic 
'Popalai  8ai«ce  Retiew,'  Jul;,  18W)  mat  be  ulvanlsKiioiiiil;  compired 
sritli  Ilia  t«o  tinulu  oaes  iliutrating  the  inaiuay  ot  Jetimumtra  vhidi 
accostpaiij  tbia  poptt  (PJ.  XII,  figs.  14  and  15). 
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connecud  with  some  ramified  tnbe*  depeiuiiDg  into  the 
ccelom  from  the  oral  blood-vascular  ring  (7,  19j,  but  we 
bavG  bcH'ii  unable  to  obtain  conclusive  evidence  as  to  this 
point. 

Tbe  genital  glands  of  tUe  Crinoids>  like  those  of  the  Sur- 
fiihes,  are  enclosed  in  blood  spaces  (figs.  9,  12,  jr.)>  t^'f  iniu 
vidual  ovarirs  i>r  tcttvs  at  the  sides  of  tach  ann  being  con- 
nected by  a  "  geniiat  cord,"  the  so<cal)ed  "  rachis"  (S,  5, 19, 
28),  with  its  enclosing  bIood-veas«l  (fig.  10,  </.  c'.).  These 
genital  cords  ar(>  mcrelr  undeveloped  purtions  of  tbe  genital 
glands,  which  Rorvc  to  unite  the  imlated  genital  Iu1m'-s  juM 
as  is  the  case  in  the  Ophiurid:*  (19,  27).  In  this  group  tbc 
genital  cords  of  all  the  rays  are  connected  bj  a  circulnr  one 
within  the  aboral  blood-va^cuIar  ring  ;  but  in  the  Crinoids 
they,  or  rather  the  Tcssels  enclosing  them,  unilo  into  an  ex- 
tensive network  immwliately  beneath  the  ventral  'nrfacc  of 
the  dite,  conmlin);  principally  uf  laif^er  trunkn  bcnratli  the 
sub  tentacular  canals  (figs.  l-(,  la,  g.e.),  which  unite  laterally 
with  one  another  and  nith  those  ofadjac«nt  rays.  This  net- 
work is  believed  by  Dr.  Carpenter  and  by  Ludwig  to  W  con- 
nected with  tbe  central  plexus,  though  neither  of  tbem  has 
succeeded  in  demonstrating  this  lact  in  the  adtilt  Antedon.  I 
have  fortunately  been  able  to  obtain  one  series  of  sections, 
which  furnishes  the  iiecessar}'  proof,  whil*^  Dr.  Carpenter's 
observations  of  the  advanced  lanal  stages  have  yielded  similar 
results  (-^.T),  He  found  the  central  plevus  subdividing  by 
the  «idr  of  till-  ii'sophageal  funnel  into  five  diveiging  brunches, 
one  of  which  passes  into  rach  ray  beneath  the  oommeRcis 
subtenlaculat  canal,  precisely  in  the  position  of  the  gi^ittt 
rachis  of  the  arms. 

1  have  spoken  above  of  some  ramified  tubes  depending  into 
the  ca-loni  from  ihe  oral  blood-vascular  ring,  with  whic 
both  Luilwig  and  I  Wliove  the  oei^tral  plexus  of  ^nW^I 
10  be  connected,  in  Ludwig's  olher»i«e  excellent  figure  i 
a  section  ihrnngh  the  perisionn-  of  Antttdon  rotacea  (\{ 
Taf.  xvi,  fig.  31^)  these  tubes  are  represented  as  much  less 
complex  in  their  character  than  they  are  in  soiDe  parts  (at 
any  rate)  of  the  |»cri*tome.  Both  in  Atit.  ntacea  and  in 
Atit.  Etehrichln  I  find  a  gri-at  [wirt  of  the  lip  to  be  occu|ri« 
by  a  large  spongy  mass,  which  cimtiiHti  uf  n  ileiise  niexl 
of  closely  tutcrlaccd  tubes  with  an  epithelial  lininl 
Some  uf  them  arc  conneelcd  nith  the  oral  hlood-vaseul 
ring,  and  otliers,  I  belivvv,  with  the  vessels  of  the  canii 
plrxui.  Ill  Ai'tinomHra  this  labial  plexus  is  mtiHi  Ini 
Whiud  the  moutb  (i.  e.  between  it  and  the  anus)  than  lu  fn 
of  it  (fig.  14,  t.p.y  It  is  especially  deiek^ied  towards  the  lef 
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or  eiiatvni  anglv  of  the  mouth,'  where  it  gives  off  a  large 
bundle  of  vcM«Is.  These  pa»s  tlownwards  anil  backwards, 
slightly  above  the  gullet  (6g«.  14,  IS,  a".  A.),  to  near  the 
centre  of  the  vi&ceml  mass,  where  iliey  eoniiiitiniciile  wiih 
the  low^r  poflion  of  the  interyisceral  network  of  veasela  thut 
is  spTcttil  out,  ats  in  Anlcdon  (19),  over  the  coils  of  the  intes- 
tine. This  ce-«ot>hagcnl  huuctlc  is  *i.-cn  in  longitudinal  sec- 
tion in  fig.  14  (ae.6.),  and  cut  Iraunvertttilj  iti  ^g.  16,  which 
tepre««nu  a  cross-section  through  the  disc  of  Actinometra 
fKiiymorp/ia,  X^vn  frum  its  anterior  face,  so  that  the  struc- 
tures which  aru  (w)  in  the  figurv  arc  (s)  in  the  diitc,  and  Dice 
etrsa. 

The  labial  plexus  also  gives  ongin  to  the  genital  vessels 
which  extend  outwards  beneath  the  ambulacra  of  the  disc 
(fig*.  14,  15,  If.  o.) ;  and  from  the  smnller  portion  of  it  that 
lies  in  front  of  and  bclon  the  mouth  there  pK««GS  bai;kwardM, 
•lighilf  below  and  on  the  right  (w)  of  the  gullot,  a  more 
com]>acl  bundle  of  vessels,  which  enlurgi-.s  slightly  beneath 
the  c«nlre  of  the  visceral  mass,  bends  direi-ily  dowuwaids, 
aad  enters  the  calyx  (figs.  14,  15,  c.p.).  This  correspondd 
to  the  central  plexus  o(  Antcdon,  and,  like  it  (19),  i*  con- 
nected lateially  wilh  a  elo«r  network  of  iiitervigeeral  blood- 
vesaels  at  the  lower  part  of  the  visc<!ral  mass,  that  also 
receives  the  veMi^U  of  the  t^sophagt-al  bundle,  ns  shown  in 
fig.  14,  Vessels  estend  backwards  from  this  network,  and 
abo  to  the  rij^ht  and  left,  !^o  »s  to  completely  surround  the 
complicated  windin)^*  of  the  alimentary  canal.  8ome  of  them 
are  quite  large,  and  frequently  contain  coagulum.  They 
interjienetrate  the  rather  close  network  of  connective  tissue 
that  fills  up  all  the  unoccupied  portions  of  the  body- cavity 
(figs.  14,  15,  c). 

Up  to  this  point  we  have  found  the  (Mnoids  to  conform, 
oa  the  whole,  to  the  type  of  the  Starfishes  and  Ophiurids. 
There  is,  it  is  true,  no  real  aboral  ring,  unless  the  labial 
plexus  with  which  the  genital  vessels  arc  connected  may 
be  considered  as  generally  homologous  with  the  nbora]  ring 
that  connects  the  genital  vessels  of  Starfishes  and  Ophiu- 
rids ;  but  no  detailed  comparison  of  the  two  is  at  all  nossible. 
The  Criuoids  are  also  unprovided  with  any  definite  peri- 
hsmal  system.  For  even  supposing  that  Ludwig  is  cor- 
rect in  tegniding  iho  genital  canal  as  the  perihfcmal  canal 
of  the  genital  vessels  (^),  there  is  absolutely  no  trace  of  any 
pcrihieuial  eannl  around  the  radial  blood-vessel.  Neither  is 
it  easy  to  define  any  special  portions  of  the  body-caviiy  as 

■  Tlie  montli  it  nin>Owd  to  be  K,  or  ^iutiug  forvatds  sway  from  tliO 
obserrer. 
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perihiemal  canxle  for  llii'  utal  ting  itiid  the  ceuttal  jilex 
tboujjli    l>u(lwig   speaks    generally   of  the    ciTcumvbcci 
coiloin  as  representing  the  peribsmal  canaU  of  the  Aeterida 
(21). 

We  have  seen  that  the  central  plexus  which  unites  the 
oml  and  aborni  rings  of  the  Siiirfishcs  iloe*  nni  terminate 
in  the  latter,  but  passes  on  towards  the  ilorssl  portion  ofthe 
disc,  atlachint;  itself  to  the  under  surfare  of  the  perisome, 
just  outside  the  madrcporttr.  In  the  Crinoids,  however,  the 
case  is  d)frer<>nt.  Towards  the  lower  portion  of  the  visceral 
ma**  the  vessels  of  the  centra!  bundle  group  themselrea  luio 
a»  inner  set,  surroumled  by  a  ring  of  five  vessels,  which  are 
ndially  disposed.  After  passing  down  the  central  funnel 
between  the  first  nultals  (figs.  14,  15  R.i),  and  travcrsitig  the 
mi-dt.-in  opening  of  the  rocette  (r.),  these  five  vessels  expand 
into  five  large  chambers  (d.),  which  are  regularly  a 
around  the  central  vascular  axis.  The  structure  thus  form 
which  ii  known  ns  the  "  chamticrcd  organ,"  is  lodged  with: 
the  ovitjr  of  the  cenlro-dorsal  piece  («/.)  of  Comatula,  and  is 
eoTer«d  in  by  the  iofiette(rj;  hut  in  the  stalked  Criuoidsitia 
aituBied  in  some  portion  of  the  space  enclceed  within  tb« 
ba«als  and  radials  (7,8). 

This  chambered  organ  is  enclosed  in  n  fibrillar  envelope 
(:i),  protetcs  of  which  extend  through  all  the  joinu  of  the 
rays  and  arms  (figs.  9,  11 — Id,  a.)  and  also  into  the  cirrbi, 
that  are  borne  on  the  centro-dorsal  piece  of  Comatuta  (n). 
Each  of  these  fibrillar  cirrhus  cords  encloses  a  small  vcsael 
(ct.  r.}.  Those  of  the  oldest  or  first-forreed  cirrhi  are  durived 
^m  the  vessels  of  the  central  axis  of  the  chambered  organ, 
while  the  vessels  of  the  ItEt-formed  marginal  dtrhi  arise 
diri-ctly  from  the  five  p<'npheral  chambers.  These  cham> 
bers  are  not  completely  closed  below,  isath  tiaving  a  small 
opening  in  its  floor  close  to  the  central  axis.  This  opening 
is  a  relic  of  the  larval  stage  of  eiisieuce,  when  the  G«e 
chambers  and  the  vessels  of  the  central  axis  were  prolonffod 
downwards  into  the  stem.  In  the  stalked  Crinirid'^ 
condition  is  permanent  through  life.  The  stem  (if  / 
crinut,  RAizocrinut,  or  JiatAycrimu  contains  a  central  vss- 
ciilar  axis  enclosed  in  a  downward  extension  of  the  fihtillar 
envelope  of  the  chambered  organ  (7,  8,  20).  Like  th« 
cbammn-ed  organ  this  axis  consists  of  five  peripheral  vrsseht 
lurrouTiding  a  core  of  smaller  ones,  and  from  these  periphe- 
ral vessels  are  derived  the  central  vessels  within  the  cirrbi 
borD«  by  the  stem.  In  PeHtaerinut  thnea  drrhi  nn;  Urrne 
by  special  nodal  segmenla  whidi  occur  at  mnr<-  ur  li^s 
regular  int«mil«  all  down  the  stem.     IV  five  large  ptri 
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pheral  vcbsgIs  expund  slightly  in  cuch  nodal  joiiU,  and  cacti 
gives  off  one  cirrhua  vessel ;  hence,  every  nodal  joint  coii« 
tains,  ns  it  were,  a  small  edition  of  the  chambered  organ 
situated  in  the  calji,  which  was  considered  ns  a  "heart" 
by  Miiller,  and  is  apparently  still  so  regarded  by  Greoff  (13, 
14).  Accoidinf;  to  this  view,  therefore,  there  must  he  a 
"  heart "  nt  ever)'  node  of  the  stem  of  Pentacrmus,  the 
length  of  which  is  sometimes  very  considerable.  In  tiie 
fossil  P.  Imareus,  for  example,  with  its  50 — "0  feet  of  stein, 
the  number  of  these  "  hearts  "  must  have  been  rather  large. 

The  axinl  cords  enclosing  the  cirrhus  vessels  of  Comatfda 
(figs.  14,  15,  ei.  r.)  are  given  off  from  the  lower  or  dorsal 
portion  of  the  fibrillar  envelope  of  the  chambered  oigan, 
From  each  of  its  ventrnl  intciradial  angles  a  large  cord 
tMSMs  upwards  and  outwards  (ligM.  13, 14),  and  forks  almost 
inmediately.  The  right  branch  of  one  fork,  anil  the  left 
branch  of  its  neighbour,  enter  two  adjacent  openings  on  the 
inner  face  of  each  first  radial.  They  run  side  by  side 
through  its  central  canal  and  on  into  the  third  radial,  where 
each  of  them  forks  (fig.  13).  The  two  right  branches  enter 
the  central  canal  of  the  skeleton  of  the  right  arm,  while  the 
left  branches  eater  that  of  the  left  arm,  to  form  their  respec- 
tiTc  uial  cords.  Before  leaving  the  third  radial,  however, 
these  two  cords  are  unitud  by  a  lraii!t\-eiitc  commissure. 
Th«re  ate  also  commissures  in  the  first  radials.  The  two 
eonis  which  each  contains  are  united  with  one  another  and 
with  those  of  adjacent  radJals  by  one  continuous  circular 
commissure  {ftsfi.  14,  15,  e.  co.),  lodged  like  the  other  corda 
in  special  canals. 

It  is  Tcry  difficult  to  determine  whether  these  cordf 
enclose  vessels  as  the  axial  cords  of  the  cirrhi  do.  Greeff 
(14)  has  attempted  injection  but  without  satisfactory  results. 
The  appearances  sometimes  presented  by  transverse  sections 
teem  to  indicate  that  each  cord  consists  of  two  liiteral 
fibrillar  masses  enclosing  a  central  structure,  which  may 
powibly  be  a  vessel,  though  1  have  never  been  able  to  satisfy 
myself  that  it  has  n  lumen.  This  may,  however,  be  the 
result  of  a  post-mortem  contraction,  while  bijlli  Lutiwig  and 
myself  have  met  with  coagulum,  not  only  in  the  plexifonn 
tissue  forming  the  organic  basis  of  the  skeleton,  but  also  in 
the  anbaiance  of  the  axial  cords  themselves.  This  rather 
tends  to  support  Ludwig's  idea  that  whether  the  cords  con- 
tain distinct  vessel*  or  not,  they  do  serve  as  the  medium  by 
which  a  nutritive  fluid  is  able  to  enter  the  substance  of  th« 
■k^ion. 

Histologically,  these  cords  have  a  remarkable  resemblance 
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to  the  nmbuUcral  nerves  of  the  Crinoida  and  of  the  other 
EchinoiliTin),  consiiting  as  they  do  of  loDgitodin&l  fibn* 
and  minute  iDlercalaled  cells.  This  resemblance  is  so  co«- 
aideiablc  that  Itaudelot  (I)  was  only  prevented  from  describ- 
ing thc»c  nxial  cords  as  the  nvrvcs  of  the  Crinoids  (aa 
Dr.  CaTpciitvr  had  pritviously  done  (2)  though  unknown  to 
him)  by  tUi*  fact  of  their  occu{>}'i»e  a  dorsal  and  nut  a  ven- 
tral position.  Experiment  shows  that  all  the  movemenu  of 
the  arms  are  de[»GDdeut  iii»on  the  integrity  of  their  axial 
cord»,  and  upon  ihr  ronni-ction  of  these  cords  with  the  cen- 
tral fibrillar  cnvt^lojKi  of  (he  chambered  organ,  but  that  they 
are  ealirely  unaffected  by  section  of  the  ambulacral  nerre 
(S,  3,  4).  Removal  of  the  chambered  organ  immediately 
stope  the  swimming  moTemcnts  of  all  the  arms;  they 
become  rigidly  straightened  out  by  (he  action  of  their  dorsal 
elastic  ligaments,  which  the  muscles  arc  pcwcrle*s  to  anta- 
gonise. But  irritation  of  the  chambered  organ  by  a  needle 
passed  down  the  central  funnel  of  the  calyx  of  an  eviscerated 
•pisiuK-n  ca»sc«  all  the  armit  to  Iw  suddciily  and  aimul- 
Uaeoii8lf  closeil  over  the  calyx. 

On  tlie  other  hand,  this  last  exnenment  shows  thai  the 
niovementa  of  the  skeleton  are  entirely  independent  of  lln^ 
oral  nerroua  rinji.  This  is  contained  in  the  visceral  mass 
which  is  rery  readily  removed  from  the  calyx,  but  the  swim- 
ming moTcment."  are  altogether  unaflectnl  by  this  operation. 
They  are  [>t?Tfunncd  as  perfectly  by  the  eviscerated  calyx 
with  its  attached  arms  a«  by  the  entin  and  uninjured 
animal. 

Farther,  in  many  Aethtometrv,  more  or  fewer,  sometimes 
more  than  half  the  arms  are  unprovided  with  an  ambulacral 
nerve  (6,  8,  9).  Some  of  the  ambulacral  srooves  radiating 
(Mitwards  from  the  peristome  become  slowly  obliterated  by 
the  gndtial,  or  occasionally  sudden,  approximntion  and  , 
union  of  their  side*.  Their  ciliated  epithelium  with  ^>^^fl 
Bubjaceut  nerve  and  blood-vessel  become  completely  los^H 
and  at  the  same  time  the  water-vessel  becomes  very  much 
reduced  in  size,  and  ceases  to  be  connected  with  any  lateral 
tentacular  apparatus  (Ft.  XII,  fig.  12,  v.).  Ncvnnhclecs, 
these  ungrooved  and  nerveless  arms  take  the  same  part  in  the 
swimming  novenenU  at  those  in  which  the  ambQlacr*  are 
entinly  normal.  They  are  osually  those  which  are  home 
on  the  radii  behind  the  mouth  ;  but  in  some  Actinometr*, 
with  two  hundred  or  more  arms,  there  are  nngrooved  omu 
upon  each  radius  (9). 

The  ambulacral  nervous  ayslrm,  thcreforr,  has  no  rslation 
Whftunr  to  these  teowmeiita.    This  is  not  to  be  Hrotidond 
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at,  as,  unlike  it«  homologuc  in  the  Opliiurids,  it  has  no 
connection  whatever  with  the  muscles.  It  may  possibly 
have  tome  inSuence  on  the  creeping  movements  which  the 
isolated  visceral  mass  hss  been  observed  to  perrorm>  but  the 
raoTementa  of  the  org»Dism  as  a  whole  are  independent 
of  it. 

These  movements  are  effected  by  the  contractions  of  pairs 
of  muitcuUr  bundles  (PI.  XII,  fig^.  14, 16,  m.)  which  connect 
the  successive  joints  of  the  arms,  and  sometimes  also  of  the 
pinnules.  Some  tropical  Comalulee  have  from  50  to  200 
arms,  each  consisting  of  from  150  to  200  joints,  and  bearing 
a  corresponding  number  of  pinnules,  the  joints  of  which  are 
also  united  by  pairs  of  muscular  bundles.  Nevertheless,  all 
this  immense  musculur  system,  the  action  of  which  is  so 
perfectly  co-ordinated  when  the  animal  swims,  is  generally 
sappo«ed  to  be  uncontrolled  by  any  nervous  apparatua. 
Fifteen  years  ago,  however,  long  before  ihe  discovery  of  the 
ambukcml  nerves,  Dr.  Carpenter  suggested  that  the  tibhllar 
envelope  of  the  chambered  organ  and  the  axial  cords  of  the 
laya  and  arms  connected  with  it,  constituted  a  nervous  sys- 
tem Koverning  the  movements  of  the  animal  (2,  3,  4).  lie 
wa«  Ted  to  this  view  by  the  discovery  that  the  axial  cords 
give  off  pairs  of  branches  which  ramify  upon  the  ends  of  the 
muMulur  bundles  [6a.  14,  a.  m.).  But  in  spitr  of  the 
strong  anatomical  and  physiological  evidence  in  its  favour, 
his  suggestion  has  been  by  no  mean?  generally  accepted. 
This  is  probably  due  to  the  morphological  difficulties  which 
it  involreE.  Ludwig  discusses  it  (19,  SO)  but  declines  to 
accept  it,  as  he  finds  a  difficulty  in  admitting  th.it  the 
Ctinotcts  have  an  untiambulncral  ncrvouB  system,  uf  which 
we  know  as  yet  no  homologue  in  the  other  Hchiitodenns. 
Nevertheless,  he  docs  not  hesitate  to  regard  the  chambered 
organ  and  its  connections  as  parts  of  a  blood-vascular  system, 
to  which  there  is  nothing  comparable  in  the  other  Echino- 
derms.  In  the  two  leading  German  text-books'  the  nervous 
system  of  the  Crinoids  is  described  ns  essentially  similar  to 
that  of  the  Asterids,  and  not  a  word  is  snid  as  to  the  phy- 
siological importance  of  the  axial  cords,  though  in  any  other 
case  the  experimental  evidence  above  mentioned  would  be 
at  once  admitted  as  a  proof  of  their  nervous  nature.  Both 
CUus  and  Gegenbaur,  however,  ignore  it  entirely. 

The  branches  of  the  axial  cords  which  Dr.  Carpenter 
traced  on  the  ends  of  the  muscular  bundles  arc  merely  por- 
tions of  a  large  system  of   branches  connected  with  these 

'  t^.  CUu»*» '  Urunilinge  dcr  Zoologie '  snd  Gcgcnbuut's '  Grundrin  dur 
VerglochcaileD  Auatonue? 
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eonla  (5,  6).  In  tlie  centre  of  cnch  joint  of  the  ray,  «jTa, 
or  pinoulc,  th«  cord  enlarg^^c  sliglilW  and  givH  off  four 
braDcht.>s,orocca*ii>naIly  morn  (Pl.Xll,  figs.  II,  12,  a').  One 
pair  Tims  towards  the  dorsal  surface  of  the  arm  and  breaks 
u))  into  successive  subdirisiona,  nhich  cAn  be  traced  no 
farther.  The  othi-i  pair  extends  towards  the  rentral  tide, 
branching  frvvly  on  its  way.  Some  of  its  subdivisions  spread 
out  upon  the  ends  of  the  muscular  bundles,  as  described  by 
Dr.  Carpenter.  This  is  shown  in  one  of  the  first  radials  of 
the  section  [eprcecnied  in  fig.  14.  In  the  arms  and  pinnules 
other  brnnchi.-«  proceed  further  towards  the  ventral  xidv,  and 
may  be  trnceil  into  the  small  marginal  leaflets  borderinsthe 
ambulactal  groove.  In  figures  11  and  li  on  PI.  Xli,  1 
have  embodied  the  reeuhs  of  the  study  of  series  of  sections 
through  zrooTed  and  ungroovod  pinnules  of  Aclinomeira 
p«tf/morjwa.  In  this  species  the  perisomc  contains  a  numbei 
of  more  or  less  regularly  arranged  spaces  in  the  connective 
tissue,  and  the  branches  of  the  axial  conls  run  in  the  pat- 
titions  between  them.  They  have  no  regular  mode  of  sub- 
division, no  two  pinnules  being  exactly  alike ;  while  they 
are  not  symmetrical  on  the  two  sides  ol  the  same  pinnule. 
Mindful  of  Hubrecht's  discoveries  respecting  the  nc^rvout 
system  of  the  Nemertines,  I  have  endearoured  to  determine 
whether  the  smaller  branches  unite  outside  these  spaces  so 
■s  to  form  a  continuous  layer,  hut  I  have  utterly  failed  in 
following  them  lo  any  distnnce,  and  am  quite  unable  to  say 
how  they  end.  Fresher  spccimeii*,  which  have  not  been 
eight  years  in  spirit,  might  nosHbly  yield  more  fiivurnble 
resulu,  but  none  of  those  which  I  have  been  able  to  examine 
are  at  all  suited  for  very  minute  histological  work.  | 

The  branches  of  the  Hxial  cords  mentioned  above  scent' 
to  have  neaped  the  notice  of  the  Ucnnan  observers,  who 
either  mako  no    mention  of  them  at  all  or  intimate  that 
thoy  have  failed  to  find  them.     They  are,  it  is  true,  beltet 
developed  iu  tome  of  the  largo  tropical    Grmatula  than  in 
llie  Kuiopean  species;  but  it  is  nut  very  difficult  to  uhuin 
R   section  of  an    arm  or  pinnule   of    Antedon   rosacea  or 
A.  Cfllica,  in  which  one  of   the  ventral  branches  may  t 
followed  all  tlic  way  from  the  axial  cord  to  thu  end  of  ot_ 
of  the  marginal  leaflets,  where  it  becomes  lost.     The  exi^ 
t«uce  of  these  widely- spreading  branches  requires  a   moi^ 
satixfartury  cxplnnnlion  of  the  charaeter  of  the  axial  cotdf" 
than  Dial  givi-n   by  Ludwig  {19,  20).     Hi-  nrijanlii  tlirtn  as 
parmanenlly  uneukilicd  rcmnsnls   of  thu  cwiiirclivi'-tiiulue 
Uoais  uf  the  skeleton,  and  supposes  them  to  effect  the  irens- 
minioD  of  nutritive  fluid  from  the  chombeieil  organ  luUi 
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Uie  amis  and  piniiiiW.  I  qiiito  bt-licv<!  ihut  thiit  is  purl  uf 
their  funclion,  bm  if  it  be  the  whole,  why  do  tht-y  give 
off  such  legular  branches,  the  lermintitioDfi  of  which  uie 
altggethcr  outside  the  skrlcton  ?  Ludwig  docs  not  attempt 
to  explain  rhit  diffieultj. 

It  is  true  that  no  connection  has  been  acliiallj  Iraoed 
between  the  tibrils  of  the  branches  of  these  axial  cords  and 
the  individual  mu^culnr  RbTcs.  But  how  rnicl)  has  ihis 
connection  b«en  seen  in  any  liiviirlehraU-,  No  one  ha*  yet 
demonsiraled  a  direct  connection  between  the  niuitule-filites 
of  the  Ophiuiids  and  the  nerve*  proceeding  toihcm;  while 
there  is  no  more  eTidcuce  for  the  nervous  characler  of  the 
ambulacral  nerves  of  tlin  Asterids  than  for  that  of  the  nxiul 
cords  of  tlie  Crinoids.  In  fact,  in  one  respect,  there  is  less, 
for  the  ambulacral  nerves  of  the  Starfishes,  Ifke'  those  of  the 
Crinoids,  ^ve  off  no  muscle  bninchci  whatever.  But  it 
must  be  remembered  that  the  inovemenis  of  a  Stiirflvh  arc 
far  more  «lug2ish  than  those  of  a  Orinuid,  and  the  number 
of  muscles  called  into  play  to  effect  the  movements  very  con- 
siderably less ;  while  the  influence  of  the  axial  cords  upon 
the  muscular  contractions  of  the  Crinoids  is  undoubted. 

The  chief  argument  against  the  nervoua  nature  of  these 
cords  is  the  morphological  difficulty  inseparable  fiom  this 
view  of  ihem.  Another  ohjeciion  to  it  is  the  presence  of  the 
fibrillar  sheath  around  the  vessels  of  the  cirrhi,  and  in  the 
elnlked  Crinoids  around  the  central  vascular  axis  of  the 
stem  (19,  SO),  in  which  there  arc  no  muscular  bundles. 
Dr.  Carpenter's  position,  however,  despite  this  assault  upon 
it,  seems  to  me  a  stronger  one  than  that  held  by  those  who 
do  not  question  the  experimental  evidence  detailed  above, 
bat  decline  to  accept  the  conclusions  which,  in  any  other 
case,  would  nnturiilly  be  deduced  from  it. 

The  morphoiogieal  ilifliculty  accompanying  Dr.  Carpen- 
ter's view  is  another  question  altogether.  It  is  not  so  very 
much  greater  than  that  involved  by  the  existence  of  the 
chambered  organ  and  its  connections  at  the  dorsal  end  of 
llu!  central  plexus  of  the  blood -vascular  system.  The  repre* 
senlative  of  this  organ  in  the  other  Echinoderms  ends  quite 
shnply  without  even  the  most  imperfect  indiciition  of  any 
such  structures  in  connection  with  it.  Both  structurally 
and  as  regards  iw  dual  function  thi-  whole  of  this  apparatus 
i»  vitliout  a  i»aral)el  in  the  other  Kehinodernis,  and  there  is 
no  place   for  it   in   the  "aicheiype"  of  the  group  as   at 

f resent  conceived,  which  is  stmply  that  of  the  Urchins  and 
tarfishes. 
livceiit  woik  ou  the  Criuoids  has  shown  that  ia  wme 
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respects,  e.g.  the  posuMion  of  water-vascular,  blood  vu- 
cuUr,  find  ambuUcral  Dcrroti*  spU'm)',  ihry  agree  with  the 
other  EchinodtTiDS  in  a  manner  undreamt  of  ten  years  ago, 
when  their  jiositioa  in  the  group  was  a  very  uncertain  one. 
But  other  equally  well  esiabUsoed  results  are  ij^ored  or 
denied,  becauB«  they  do  not  accord  with  preconceived  notion! 
of  whxt  Crinoid  structure  ought  to  be  in  order  to  agree  with 
the  type  which  lias  been  deduced  from  the  study  of  Urchina 
and  SlarQnhea  without  the  Ciinoidsever  beioc  ooDsideredftt 
all,  Leuckart's  separation  of  the  stalked  Echinodennt  from 
the  other  mcmbeti  of  the  tubkiogdom  under  the  nam* 
Ptlmatozoa,  might,  with  adTantage,  be  more  generally  adoj 
than  it  ia. 
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On  Young  Stacks  o/"  T,imnocoi>ic«  and  Grrvom*.  B* 
.  E.  Rat  Laskwtkb,  M,A.,  F.R.S..  Jodreli  Proft-»«or  of 
.  Zoology  in  University  College,  Iiondon.  Witti  PUu 
'    XIII 

Mbtschkikopf,  in  «  paper  id  the  'Zeitscb.  wiss.  Zooloj^ie,* 
1S74,  p.  17,  describes  and  figures  the  developnietit  of 
Goryonin  from  the  egg  up  to  (he  foimntion  of  tculnclcs  and 
an  umbrella  cavity.  It  is,  however,  obvious  from  hi*  figutei 
and  deecription  that  certain  steps  in  the  development  were 
not  fotlowcd  by  him  with  precision — and  some  of  his  oh- 
servntionx  nrc  supplcmcnled,  whiUl  olhiTS  nrc  conlrndicied, 
by  ihine  of  Vv\  ('  Ji-n.  Zeitsch.,'  vol.  vii).  It  appear*  to  be 
certain,  from  the  observations  of  boih  Metschnikoff  and  Tol, 
that  io  Geryonia  the  endoderm  foims  by  delaminalion ' — 
the  embryo  being,  when  it  has  so  formrd,  a  nearly  ipherieal 
"diblaatuU"  without  orifice  of  any  de»cription  (Metscb- 
nikoff's  plate  i!,  fig.  7).  The  outer  layer  now  grows  away 
from  the  inner,  which  remains  iu  the  form  of  a  lenticular 
sac,  closely  applied  to  one  pole  of  the  ectodermal  sphere. 
From  (his  point  forwards  the  accounts  of  Haeckcl  ('  Jenaische 
Zcilschrift,'  vol.  ii),  of  Metschnikoff,  and  of  Fol,  arc  diverse. 
A  mouth  is  formed  by  a  breakiug  ibroiigh  into  the  endoder* 
msl  sac,  and  a  Buh-uinbrelUr  cavity  is  formed,  and  aUo  a 
velum  and  leutaclea ;  but  the  accounts  given  of  the  mode 
of  origin  of  these  parts  in  nut  conclusive  in  any  one  of  the 
authors'  memoir*  above  ciled.  Haeckcl  ol>*«r.-ed  Giryonia 
embryoSf  in  which  he  definitely  stales  that  the  sub-umbrellnr 
cavity  existed  in  the  form  of  a  closed  sac.  Metschnikoff 
thinks  this  an  erroneous  observation,  and  due  to  a  mistaking,! 
of  the  endodtTin  sac  for  the  suh-umbrrllur  cavity.  According 
to  Metschnikoff,  the  ectoderm  and  endodcnn  are  ruptured 
the  cntrnl  point  where  the  enclosed  endoderm  sac  in  resting 
oh  the  inner  wall  of  the  larger  ectodermal  sac^  aud  the 
ectoderm  is  incai/inaittl  to  fonn  tho  sub-umbTollar  cavity. 
At  the  same  time  a  ring  grows  up  at  some  ili«lancv  from  thi 
mouth  thus  formed,  which  becomes  the  tnargin  of  tb| 
umbrella,  and  gives  off,  on  its  adoral  aide,  the  velum;  oa  It 
aboral  side,  the  titsl  tentacles. 

Fol's  account  uflhi'  formation  oftbr      '         Hrcllarcatit 
aubstantially  differs  from  that  of  M< :  ::   iu   ihnt   In 

does  not  derive  ibe  aab*ambrelisr  cavity  rruui  an  invaginntiui! 

•  It  n  not  poanbk  bi  r^ed  Ihii  ■ell.estabUiliBd  fael,  •*  uia  I 
Hcrtwig  do,  apfoiaaUy  wiUoul  hsaJiaiioa  (*  ColaaitkecniD,'  USl). 
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but  tutcs  that  its  wfilU  fnrn)  as  nn  upgrowth  around  the 
oral  area,  after  the  mouth  haa  be«n  formed  by  a  rupture  of 
the  ectoderm  and  endodcitn  at  the  centre  of  that  area. 

The  observations  which  I  have  madv  upon  young  stafcea 
of  the  frenhwiiter  Trachonicdu»a,  lAmnocudium  Sowerbu, 
lead  me  to  think  it  probable  thai,  after  all,  Hat-ckel's 
6btarvaliona  are  correct,  and  that  the  sub-umbrellar  cavity 
is  formed  as  a  closed  space  between  tivo  layers  of  the  ecto- 
derm. It  would  not  by  any  moans  be  necessary  to  accept 
the  intvrpri-taiiou  of  ajipi-araiirc*  given  by  Haeckvl  to  trie 
effect,  vix.  that  the  endodermal  sac  is  the  suh-umbrcllar 
cavity,  hut  we  have  to  suppose  a  step  in  development 
mlermcdiftle  between  hU  fig.  28  and  29  (of  Taf.  iv,  '  Je- 
iiaitchc  Zcitschrift,'  vol.  ii).  In  his  fig.  28  the  internal 
sac  which  it  drawn  it  the  archenteron  or  eudodcrmul  sac. 
In  figa.  !f9  and  SO  an  ectodermal  sac  (formed,  I  would 
suggest,  by  a  hollowing  out  of  the  ectoderm,  probably 
without  any  opening  to  the  exterior)  has  taken  the  place  of 
the  ptimilivt-  cododermal  sac,  which  has  become  flattened 
and  otherwise  modified  to  form  the  stomach  and  git>tro- 
vascular  canal  system  (see  Fol's  fig.  17,  plate  xxv,  'Jen. 
Zeits.,'  vol.  vii).  The  probability  of  the  correctness  of 
Hnecket'a  observations  and  iofer«uce  as  to  the  _firBt  ap- 
pearance of  thu  suh-umhrtlUtr  cavity  as  a  closed  sac,  is  not 
only  supported  hy  my  oluervationa  on  I.imnocodium,  in 
which  this  certainly  is  its  condition  at  one  period  of  its 
development,  but  when  we  examine  carefully  the  accounta 
given  by  both  Metschnikoff  and  Fol,  wc  find  that  it  is 
precisely  at  the  critical  period  which  would  enable  them  to 
deal  decisively  with  Hiieckel's  observations  that  their  scries 
of  embryonic  Geryonise  in  both  cases  is  deficient.  Neither 
Metachnikoff  nor  Fol  have  seen  scngcs  corresponding  to 
Haeckel's  tigs.  £9  and  30,  tcilh  only  four  tentacles.  They 
both  give  scries  in  which  there  is  a  sudd<;n  break  at  what 
is  tlic critical  period  for  this  matter;  Ihey  pass  at  onoe  from 
the  conditiou  in  which  no  tentacles  are  present  to  that  in 
which  six  are  already  manifest.  (Fol's  figure  18  of  an 
embryo  8S  hours  old,  with  no  tentacles,  is  succeeded  by 
figure  19  of  an  embryo,  IfiC  hours  old,  with  six  tentacles ; 
md  Metschnikuff's  figure  10,  which  represents  an  embryo 
about  50  hours  old,  having  no  tentacles,  is  followed  by 
figure  11,  representing,  as  he  states,  an  embryo  190  hours 
old,  and  possessing  six  tentacles.) 

It  Mcms  to  inc  obvious  from  these  fncts  that  one  of  the 
most  im[Kiriant  stages  in  the  development  of  Geryoiiia  is 
■till  almost  entirely  unknown,  and,  accordiugly,  the  stage 
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in  (he  developmeBt  of  Limnocodium  which  I  un  about  to 
describe,  corrcspouding  as  it  does  in  a  measure  to  th« 
missing  ttago  in  the  uetvonia  series,  must  not  be  judged 
by  reference  to  a  scheme  of  Trachomcdusan  dcvclopmeaf 
suppOMd  to  be  already  ascertained — fur  sticb  a  schemv  do 
not  FMlly  exist  apon  any  proper  basis.  lUlhcr,  it  appes 
the  Limnocodium  embryo  may  throw  light  on  the  ic 
pCTfeclly-kiiovrii  Ueryonia  development,  and  give  credibilitj 
to  the  imiwrtant  observalioiiB  of  Haeckel,  which  have  been 
too  lightly  disroisseil  by  Fol  and  Mclschnikoff. 

X  iraa  only  able  to  obsem'  Limnocodium  embryos  of  thren 
difforent  agoa,  and  those  apparently  very  close  to  one  another. 
1  have  alitady  figured  two  of  those  embryos  (this  JoQraal, 
ISSO),  and  reproduce  the  woodcuts  on  the  present  oocmsioD. 
The  third  embryo  is  6surcJ  in  Fliiie  XIU. 


yia.  1.— Enlnyo  o(  /  -r*a,  ^Ak  uf  u  iacft  la  JiuwUr. 

A.  Sorfaeo  new  ot  iwal  foU.  Jt.  Optieu  KdaH  of  «»i~<i  tMciaMa 
b  a  pkae  ai  rigU  smIh  t»  Om  MMisd  azls.  Pi.  Ftt-aSHm- 
tttU.  L.  rmabtJ  Bd.  XC.  lu£il  mmL  A  Btam^L.  &. 
iJailw.    «.  Jdlyartksdtsa 

The  youngest  stage  observed  by  me  ii  shown  in  th«  vroodcat 
^.  1.  At  the  teotacular  pole  ti  wen  (a,  l)  a  cucular  plate 
of  mall  cells  alwoluiely  impoforate  uu  plying  in  the  "  lab- 
ambnl  cavity,"  or  "  sub-umhnllar  cavity  " — as  is  shown  by 
the  optical  section  of  the  next  stage^  which  is  hat  a  littie  raar 
ftdnnoad  {fig.  S  ■).  Thii  plat*  I  c«U  "  the  pnetonbrat  hd. 
It  is  sarmnnded  by  the  rudiments  of  eight  lenlacJcs— £jii_ 
of  which  (the  per-iadial  tmtada)  are  MWewhat  la<|*r' 
thao  th»  other  Gxir.    In  awithffr  of  tbtse  apcBnam  an 
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there  way  indications  of  the  mArginil  bodies  (tentaculocjrsts) 
nor  of  a  vi-ttini.  Within  (be  Kub>uinbriil  caTity — which  is 
csparioua  — we  fiud  the  manubrium  provided  nl  its  exlreniily 


3     Q    O    O 


Q    t^  M 


Vui.  'i. — Eiiilirioiir  lji.li:.-.  ii..  I  S.-itfriii,  »  venr  lillle  morr.  iidvuiiccd, 
jI.  SufMe  ULcnil  ricn.  M.  Optkal  acction  of  Uie  ^utnt  Bpccimca  ia 
a  pUac  iocindi^  llie  on-HpKoI  >ut.  /V.  I'cr-tadid  [entodcs.  />. 
Fnnombral  lid.  UC.  &Bb>nmbf«dla  cavitj.  Mi.  Mnuubrium.  liC. 
lUdU  canaL    Be.  Botodmn.    0.  Jtll;4iKe  ftub»(Aiice  of  lite  Jisa. 

viih  n  moiith,  which  thus  opens  into  the  closed  space  of  the 
■iii  . '  ,'Ua.  I1ie  cavity  of  the  manubrium  (stomach)  can 
\n  tisceil  byopticAl  sections  nnd  foUon'cd  to  ihe  four 

roiliot  t:<inals  whiiJi  nin  along  the  adumbrul  witll  of  the 
umbrfiUn^that  which  it  is  proper  to  call  "  umbrella  "  being 
tliB  lateral  wall  of  ihe  sub>umbral  cavity. 

There  is  no  indication  nt  this  sta^  of  the  sub-umbinl 
taviiy  havintc  been  formed  by  ati  invagination,  the  orifice  of 
which  bus  doted  up ;  and  although  it,  or  its  representative, 
may  thus  form  by  invaj^nation  and  become  closed  up  in  the 
^nopborrs  and  modilied  MediiMB  of  some  Uydromedusa!,  1 
««•  DO  reason  to  doubt  that  it  has  formed  in  Limuocudium, 
a*  it  doea  in  Jlydractinin,  nitmcly,  by  a  splitliug  in  the  thick- 
ened ectoderm  (Ed.  Van  ik-nuden).  The  comparison  of 
the  development  of  the  directly  developing  Metlusn!  with 
Unit  of  the  variously  modified  Medusee  of  hydroid  colonies 
will,  I  cannot  doubt,  fuinish  an  explanation  of  the  pheno- 
mrna  which  are  obserrcd  in  both  scrips. 

[f  wu  DOW  pas*  to  the  lati-r  .tlage  which  is  renresented  in 
PI.  XUI,  we  find  that  although  Ihf  young  animal  in  but  verj- 
larger  in  vize,  and  has  still  only  eight  tentacles,  yet 
rtain  chnnges  of  impoilance  have  occurred. 
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In  Uie  first  place,  as  seen  in   PI.  XIII,  6g.  1,  the  , 
ambrftl  lid  it  uow  perfonte.     A  minute  opeaioglias  appeantj^ 
«t  it«  centre  (i). 

The  piicumbial  lid  does  not,  however,  as  m\ght  be  ex* 
pccted,  procewl  to  develop  into  the  velum.'  On  the  contrary, 
the  velum  is  already  present  as  a  distinct,  highly  muttcular 
fold,  rising  from  the  inner  border  of  the  rini;  which  carries 
the  eight  tentacles  (PI.  XIII,  6g.  \a).  Its  movements 
are  very  nctive  and  constant,  consisting  in  an  alternation  of 
undulnlions  of  contraction  and  expansion — the  latter  move- 
ment causing  it  to  completely  close  in  and  bide  the  prK> 
iimbral  lidixliilst  iu  free  margins  come  into  contact  centrally, 
at  seen  in  PI.  XIII, fig.  4 and  fig.  5.  In  PI.  XIII,  fig. 3,  the 
tentacular  {wle  uf  the  young  LimQocodiiim  is  shotrn  with 
the  volum  completely  expanded  and  its  free  margin  brought 
into  such  cloM  contact  at  the  ccnlrc  of  the  tentacular  area 
that  its  existence  is  not  at  firat  suspected.  Suddenly, 
whilst  this  condition  is  under  observation,  the  velum  is  seen 
to  roll  back  cenitifiigally  and  to  expose  the  pmumbral  lid, 
•a  ahowu  in  PI.  XIII,  fig.  1. 

It  is  neceeeary  to  state  that  there  is  no  confusion  her«  of 
the  true  oral  suifaco  of  the  manubrium  with  the  prsumbral 
lid.  By  cttuaing  the  apecimen  to  roll  over,  or  by  deeper 
focus«ing,  the  manubrium,  with  ita  mouth,  can  be  brought 
into  view  lying  at  some  diatance  below  the  perforated  pnc- 
umbral  lid  within  the  sub-umbral  cavity — just  as  it  waa 
seen  in  l)ic  earlier  siagu  (wmmIcuI,  Gg.  2  bJ. 

Itvsides  the  velum  and  the  perforation  in  the  pretumbral 
lid,  the  tentaculocysts  (mai|{inal  bodies)  have  now  com- 
menced to  develop.  Two  arc  present — one  a  little  more 
advanced  in  development  than  the  other — and  arc  seen  in 
PI.  XIII,  figs.  1  and  S,  oL,  and  in  fig.  6.  An  cndodermal 
axil  and  an  ectodermal  cortex  are  present,  but  the  secondary 
investing  capsule,  or  velar  canal,  is  not  yet  indicat«tl. 

Besides  the  movements  of  the  volum  there  are  very  active 
and  sudden  movenents  of  the  whole  umbrella,  and  also 
slower  movements  of  contraction  and  ex]>an*ion,  which 
give  to  the  embryo  the  irregular  auitine  depicted  in  the 
ptale.  At  the  stage  now  under  description,  striated  mua. 
cular  fibres  can  be  detected  in  the  wall  of  the  umhrelli 
(P).  XIII,  fig.  8  ee).  The  radial  canals  are  large  and  giro' 
evidence  of  cilialion  of  their  lining  cells. 

I  Tim  dlili»ti«ai  fctlwccn  piKunbril  lid  ud  vslum— whkdi  dcvsta 
Isitr  tksa  l]u!  M  Uaslf  sad  trm  its  |>eri|ibeiy— is  bone  iwl  If  Uo 
koCs  obMfTitioas  «a  Oaijous. 
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SeAcin«  of  deteiopimnt  of  Qeryonia  and  Limnocodium. — 
Such  being  the  fuels  with  regard  to  n  limited  period  ol'  the 
dcvclopmRiitiil  liinlory  of  Liitiiiocodium,  they  can,  I  think, 
beat  Iw  brought  into  hurmony  with  tliv  obflervattons  of 
Haeckcl,  Metschnikoff,  and  Folon  Getyonia  by  introducing 
betwcon  the  earlier  mid  later  fitages  described  by  the  two 
Utter  observers  n  hypothetical  stage,  as  exhibited  in  the 
woodcuts,  figs.  3,  4,  h.  Fig.  8  is  simply  a  stihemaiic  rc- 
preeenlatioii  of  the  s'Hge  (three  days  ami  a  half}  diawn  by 
Fol  in  his  nlale  xxv,  fig.  18,  aud  shows  the  thickened 
ecloderni,  which  he  calls  "  the  oral  plate,"  but  which  I 
shall  call  "  the  umbrella  plute."  Fig.  5  is  a  schematic 
section  of  an  i^ight  or  tvn  days'  embryo  haiti-d  upon  McUrli- 
nikofTs  fig.  14  (pi.  ii,  '  Zvitsch.  wiss.  Zotd.,'  vol.  xxiv). 
MeUchnikoff  believes  that  the  eub-unibral  ciivity  is  formed 
by  an  invagination,  which  at  the  same  time  gives  rise  to  the 
oral  aperture.  His  ilniwings,  which  are  by  no  meaua 
decisive,  appear  to  admit  of  the  iDlerpretation  of  a  furmalioii 
of  this  cavity  by  the  splitting  of  the  umbrella  plaie:  especially 
1  would  refer  to  his  ng.  11,  where  the  enteric  sac  aud  the 
sub-umbra]  spjice  arc  seen  as  two  lenticular  bodivs  closely 
applied  to  one  another.  In  any  ca»c  I  have  no  doubt  that 
Metsctmikoff's  figures  are  far  more  nearly  representative  i>f 
the  process  which  goes  on  in  the  formation  of  the  sub-umbral 
space  in  GeTTonia  than  arc  Fol's;  and  the  account  of  the 
process  which  he  has  based  upon  hi.t  observations,  though, 
■X  1  think,  erroneous  (owing  to  the  absence  of  observations 
on  embryos  between  the  oOth  and  the  190th  hour),  are  yet 
by  no  means  so  wide  of  the  truth  as  those  of  Fol,  who  hat 
completely  failed  to  give  even  nn  approxitnat9ly  correct 
account  of  the  matter. 

\Ve  may  now  intcq>osc  between  the  stages  repreHontcil 
by  figs.  3  and  5  a  hypoilielical  representation  of  the  stage 
not  observed  by  Metschnikoff  or  Fol,  basing  out  suggestion 
upon  the  fact  observed  with  regard  to  the  young  Limno- 
codium,  namely — that  tho  sub-umbrul  cavity  is  large  and 
well  develoi>ed  at  a  stage  wlien  it  has  no  opening  to  the 
exterior,  but  is  completely  cl(iKt:d  in  by  an  imperforate  prte- 
ambral  lid.  Such  a  stage  is  represented  in  the  woodcut,  fig.  4. 
There  is  little  room  for  doubting  that  the  series  3,4,  &  is  true 
for  Limnocodiura,  and  that  3  and  5  arc  true  for  Geryonia. 

It  will  not  be  a  difficult  task  to  deride  by  the  special 
examination  of  Geryonia  embryos  whether  the  aperture  in 
the  prtBUmbral  lid  seen  in  stage  5  forms  ajtrr  tho  sub* 
ambial  cavity  and  the  oral  perforation  of  the  manubrium 
are  complete,  as  it  docs  ia   Limnocodium,  or  whetlter,  u 
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Mei5chiiikof!'5upp'isei](butdidnot<)cmoit8trato),theiipeTtni« 
ia  the  priDuinbriil  lid  it  an  orifice  of  invagination,  hj  whi«l 


tb<!  fiub-umhrnt  cavity  and  tlic  perforaUou  of  the  manubric 
have  Witii  liTOuicbi  abciut.     In  the  Utter  case  an  imparl 
but  reaiiily  intcllii^ble  diSWrt-ncc  between  Limnocodiani 
U«r]Foma  voald  bo  cstabli»bvcl. 
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lielati'on  to  the  morpHoiogy  of  Clmophora  and  of  Mtdutoid 
Oonophora. — I  hnvo nlrendy  alliideil  to  (lie  reciprocal  illiiHlra> 
(ion  aflunlc-il  by  the  developtnent  of  the  sub-umbral  caviiy 
in  such  gtiiio|thor«  us  ihixe  of  Hy drnclima,  ontl  in  meduBse 
developin;;  diiMitlv  from  llie  egg. 

The  rxccciiiiigly  important  and  (*%  \  lliiiik)  coitvmctqs 
refurvncc  of  ilic  CiciiophoiEi  to  the  Mydroiiiedusa  type,  made 
by  Ilaetkel  ('  Sitamngsbcr.  dct  Jenaichen  Gesells.,'  1879, 
p.  70),  ia  in  no  small  degree  rundcnid  accpptiiblp  by  the 
existence  of  directly -developing  Mcdugte  in  which  ihc  nub* 
umbrol  spacv  has  the  foTin  of  a  closed  chamber,  or  of  n 
sac  frith  but  n  narroiv  oiwoing  to  the  exterior.  Thia 
sub-umbral  sac  appiitrs  \o  correspond  with  the  so-csllcd 
stomach  of  the  Clcnoj>hiii;i,  imil  its  upcning  with  ihc  so- 
called  mouth  of  those  forma.  In  both  cases  it  is  lined  by 
ectoderm,  and  develops  quite  indcpendeatly  of  the  cndoder- 
tnal  ccHf,  which  give  rise  to  the  stomnch  and  cannls  of  the 
Hjdromeduste  on  the  one  hand,  and  to  the  infundihulum 
and  canals  of  the  Ctenophora  on  the  other  hand. 

Balfour  ('  Embrjology,'  vol.  i,  p.  lla)  compares  the  ecto- 
(lemiully-onginntiu;*  "stomach"  of  Ctenopbom  to  ■>  stomo- 
dteum,'  and  niort^cttpccially  to  the  ttomodteum  of  Acratipedote 
Medusoo  (Scyphomedusie)  and  .\nthozoa. 

But  if  ibis  asaimilation  be  well  founded,  the  stomodffium 
of  Scyphomedufisc  and  of  Anthoxoa  will  be  morphological 
eqnivalents  of  the  sub-umbral  space  (sub-umbrolhir  cavity) 
of  Hydromcdune ;  and  the  qtiotion  present*  itself  as  to 
whether  the  stomodtenm  of  the  higher  groups — with  its 
wide  dimensions  and  contractile  walls — may  not  be  similarly 
identilied.  Against  such  a  view  there  appears  to  be  a 
strong  argument  in  the  very  general  presence  in  higher 
animals  of  a  "  proclodgcum  " — an  anal  ectodermal  invagina- 
tion, parallel  in  its  origin  to  that  connected  with  the  mouth. 
It  may,  however,  be  worth  while  to  cxmnine  the  facts  of 
morphology  in  reference  to  this  Kuggcstiou. 

*  Tlie  mine  appliciJ  bj  idr  and  viopteil  by  Bsl/aiir  for  the  rclaJerniii 
ia<ngiaatioa  irliicii  eivn  arlRiii  to  tbc  moulli  and  Ural  porlioLi  cf  Ilio  sli. 
mcDisry  tract  ia  ul  Mctaioa  exoejit  aoma  Cfnieatcni.  Sec  W\%  Joudiai, 
October,  1S76. 
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The  Obioix  ami  Sicnificaxve  of  Ute  METiHOKi-iiods  of 

ACTINOTBOCH.V,       By     El>Ml'Mt     B.     WlLSON,     Kfllow     in 

Bintosy,  Johns  Hupkiiis  Uiitvcrsity.     Wiili  FUus  XIV, 
XV. 

About  thuty-five  yean  ago  Johaimrg  Mullcr  (lescribrd  a 
very  curious  frcv-stvitninini;  pelagic  aaimal  which  he  rap- 
tured at  thv  MUTface  of  the  sea  at  Heliftoland,  in  the  Korlii 
Sea,  giving  to  it  the  name  Actimtrocha,  in  allusion  to  its 
bvAiitirul  circlet  of  cilinted  swiimniDg  anntt.  The  striking 
appearance,  and  rerr  peculiar  structure  of  this  creature  sub- 
eequently  nttructed  the  iitlvntionuf  many  observer*.  Wagcner 
described  it*  anatomy,  auppofiing  it  )o  b«  an  adult  aQinial 
Krohn  subsequently  discovered,  however,  that  Actinotrocha 
passes  by  a  sudden  mctatnorphosie  into  a  Gephyrenn  norm  t 
and  some  years  later  Schiiridcr  made  out  the  true  nature  of 
this  very  rcmarkablt:  process.  The  life-history  was  at  U-ngili 
completed  by  Kowaleveky,  who,  by  raising  the  <^gs.  prored 
that  the  adult  norm  is  the  singular  Gephyreau  Phoronir, 
which  bad  long  been  of  especial  interest  ns  forming  a  sup- 
po«c(l  transition  from  the  Polyzoa  to  the  Anneliws.  Th« 
mutter  wa*  then  caieftiUy  revised  by  Met^i'-lmtkolf,  who 
studied  another  snecies  found  in  the  Mediterranean  Sea,  and 
published  in  ISTl  a  valuable  paper  setting  forth  the  results 
of  his  observations. 

No  aitenipts  were  made  in  these  pitpers  to  offer  any  ex- 
planation  of  the   origin  and   significance  of   the   siuKular 
change  undergone  by  the  larva  in  its  passage  to  the  adult- 
form.    I  was  thus  led,  during  the  summer  of  1S79,  whUd| 
enjoying  the  facilities  aflbidud  at  the  Chesapeake  Zoologtcu' 
Laboratory,  to  undertake  n  ronened  study  of  the  subject 
with  two  species  of  Actinotrocha  commonly  occurring  ia 
Chesapeake  my.     As  a  result  of  this  study,  an  byp«th«ns 
has  suggested  itself  that  seems  lo  me  to  afford  a  reasonnhle 
explanation  of  the  steps  by  which   the  adult  structure  au 
strange  metamorphoflia  of  J' Won  is  may  bare  been  acquir 
Moreover,  a  study  of  this  particular   c*t«  p1»ces   in    a  vd: 
clear   light  some  of  the   phenomena  of  metamorithosis  m 
general,  and  is  eonducive  to  nn  undersUntling  of  the  causes 
which  have  led  to  certain  remarkable   methf^  of  develnf^ 
ment  in  n  number  of  aninml   groups.     In  many   cst 
meUmorpiio»is  the  phenomena  of  growth  are   so  eon^,..;.. 
thot  it  is  extremely  difficult  to  form  any  definite  con 
of  the  exact  way  in  which  they  hare  been   brought 
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In  th«  developmeut  of  Actinoiroc&a,  however,  we  find  a 
meiainoiphoaU  involviiig  profound  and  rftoiftTkablu  vliaiiges 
of  structure,  and  yet  produced  by  very  stiai>le  proc««M«  of 
gioiTtb.  The  problem  to  be  folved  is  much  sim|:ilified  and 
comiHiratiTol)-  definite — reduced  ae  it  were  to  its  lowest 
tCTDis.  While  the  contrast  between  tlic  structure  and 
babiu  of  the  larva  aud  tho&e  of  the  adult  is  so  ttriking  as 
to  show  very  clearly  the  general  causes  wbicli  have  brought 
about  the  nielamorphosi*,  it  is  possiUe,  I  believe,  to  get 
some  idea  of  the  ei«ct  way  in  which  these  cauees  mar  have 
opernted  in  producing  the  peculiar  traDsfoimntio])  which  the 
creature  uudcrgo^'S. 

In  order  lo  reuder  these  consideratious  intelligible,  it  will 
be  necessary  to  give  some  description  of  the  metamorphosis. 
The  first  pmt  of  this  paper  is  tberclore  devoted  to  such  a 
description,  based,  upon  my  own  observations  and  those  of 
Metschnikoff.  AJtbough  the  account  of  the  Bussian  cm- 
biyologist  ii  very  complete  and  satisfactory,  uy  own  ohsur* 
valions  are  not  without  some  value  as  supplying  many 
hitherto  uiioh^erved  details  of  the  process,  and  from  baring 
bMQ  made  upon  two  distinct  «pecies,  neither  of  which  can 
IWHUUfiutonly  identified  with  ihnt  Mudied  by  Melschiukoff. 
Certain  discrepancies  will  be  noted  further  on.  I  succeeded, 
moreover,  in  kevping  the  young  Phoronit  alive  during  seveiaj 
weeks — until  they  had,  in  fact,  assumed  the  cbaracteristio 
appeofanoe  of  the  full-s^own  animal.  For  the  sake  of  com- 
pteteiteM,  a  few  of  MctscLuikoff's  figure«  of  the  earlier  singes 
Dave  been  introduced  (figs.  1,  4.). 


4 


Part  I. 

It  may  be  convenient  to  preface  the  following  deserip- 
tioo,  with  A  short  summary  of  the  more  important  point*. 
The  larva  ha*  »  »cmewhat  elongated  body  with  a  series  of 
long  ciliated  arms  nearly  encircling  the  body  behind  the 
mouth,  and  a  narrow  belt  of  long  cilia  just  anterior  to  the 
aiiu«,  which  is  situated  at  the  posterior  end  of  the  body. 
The  mouth  is  on  the  ventral  side  near  the  iuttvrtor  end,  aud 
it  overarched  by  a  very  large  hood-like  expansion  <^  the 
body  wall,  the  prteoral  lobe.  The  hood  is  richly  ciliated 
and  serves  to  produce  currents  of  water  flowing  towards  the 
noutb,  nhich  bring  with  them  particles  of  food. 

The  only  internal  organ  at  first  is  ibc  digestive  canal, 
consisting  of  a  distinct  usopbagus,  a  cupat-tous  stomach, 
and  a  longer  or  shorter  intestine.  In  time,  however,  the 
ventral  wall  of  the  body  thickens  at  a  point  in  the  middle 
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line  joBt  b«hind  llie  circlet  of  the  atms.  This  tbickening 
ifl  appftrcntly  pnxluced  by  an  infoldiof;  of  ihe  bodj'  wall ; 
lit  aiiy  rate,  it  won  become*  hollon  and  pouch-lik«,  and 
com  in  u  mettles  with  the  cxtrriur  by  rnvntts  of  n  smnll  opening, 
while  fibrous  or  miiKiilar  coiinectioiia  beiweeii  it  nnd  tiw 
stomach  walU  tatty  he  observed.  The  pouch  grows  rapidly, 
nnd  Kt  length  comes  to  occupy  a  large  part  of  the  peri- 
visceral cavity,  doubling  back  and  forth,  and  becoming 
transversely  folded  on  its  inner  wall. 

^V'hcu  tho  pouch  has  ailaincd  its  complete  development 
the  larva  becomes  sluggish,  sinks  to  the  iMltom,  and  the 
body  usuallv  contracts  forcibly,  so  that  it  becomes  shortened 
and  rounded,  and  the  walls  become  tense  from  the  internal 
pressuie  thus  produced.  Suddenly,  at  what  Mci M-liTiikotT 
appropriately  terms  the  "  critical  stage  "  of  the  melamor- 
pnotiit,  iho  pouch  turns  itself  outward  through  ils  external 
opening,  uniolliug  like  the  finger  of  n  glove  or  the  eye  ten- 
tacle of  a  snail.  A*  it  unrolls,  the  middle  |Mirt  of  the  dtgea* 
live  canal  is  drawn  out  into  its  cn\-ily,  ihu*  forming  a  long 
U-thapcd  loop.  At  the  same  time  the  larval  body  shritik* 
together,  and  is  doubled  up  toward  the  dorsal  side,  so  that 
Ihe  mouth  and  anus  are  brought  close  together.  The  hood 
is  withdrawn  into  tho  cnophagus,  leaving  only  a  small  re 
nant,  which  overhangs  the  month  and  persists  as  an  irpil 
tome.  The  greater  part  of  each  swimming  arm  undergoes  a' 
kind  of  granulsr  dtsintegrniion  and  drops  off,  leaving  only  « 
small  thickened  baaal  portion,  which  becomes  directed  fnr< 
wards,  and  subsequently  grows  into  tlio  corresponding  let 
tacle  of  the  adult  Phoromt.  The  larval  body  fuses  com 
pletely  with  the  everted  pouch,  which  now  constitutes  thff* 
greater  part  of  the  body  of  the  worm.  The  subsequent 
external  changes  consist  merely  in  Ihe  elongation  of  the 
tentacles  and  a  great  increase  in  their  number,  and  the 
elongation  of  the  body.  The  worm  sccnaes  for  itself  a 
membranous  tube,  in  which  it  dwells,  protruding  only  iJie 
GXlrumily  with  iu  crown  of  tentacles.  The  resemblance  of 
the  latter  to  the  lo|>hophoic  of  a  hippocrepian  Polyzuun  is 
wonderfully  close,  though  this  resemblance  is  umluutiiedly 
adapttvc  and  sMundary.  A  clear  idea  uf  the  nietaniorphosU 
may  he  gained  from  the  diagrammatic  figs.  15  to  l!f. 

Figure  I  repTesents  a  lateral  vtcw  of  the  fiist  tiiif^v  ftgurcd 
by  Metschnikoff.     At  />.  is  the  hood  ;  m.i#  lliii  mouth  lea 
ing  by  a  short  OBatophugus  to  the  stomach  {tt).     The  U*4 
communicates  by  a  short  intestine  with  the  anus  (a).     Bud 
ments  of  two  swimming  arms  arc  seen  at  a',  a.      fig>] 
givea  a  ventral  view  of  the  taiue ;  rudiments  of  the  hcoi 
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pair  of  arm*  arc  seen  at  a",  o".  Fig.  3  is  a  con«Bpomling 
view  of  a  somewhat  later  aingc  with  the  first  four  arms  now 
plainlv  indicated.  The  body  is  ftvcrywhorc  rich!]:  cilitiled 
and  int  cilia  are  diEtincil}'  longer  along  the  margin  of  the 
hood  and  nt  the  ti))*  of  the  arme.  Fig.  i  represents  a  sidt! 
virw  of  a  coiixidt'iably  Inter  vtagr,  with  five  pitirs  of  well- 
developed,  though  still  short,  arms.  A  number  of  large 
black  pigment  spots  have  appeared.  Neither  the  prai-anal 
belt  of  cilia,  nor  the  rcntral  pouch,  have  jet  been  developed. 
Tbcte  four  figures  nre  copied  from  AlrtschnikoGT. 

The  following  ligurcii  represent  different  stages  in  the 
development  of  the  two  Chesapeake  species,  which  for  con- 
venience sake  niaj-  be  de^ignnted  A  and  H.  The  two 
species  have  well-marked  specific  differences,  but  their  me- 
tamorphoKt-i'  arc  almoit  ideiilicnl,  and  agree  in  the  main 
with  that  of  the  form  studied  hj  Metachnikoff.  A  I*  cha* 
racterisetl  by  a  very  short  intestine  and  a  correspondingly 
stout  body,  and  shows  a  considerable  resemblance  to  the 
form  siudit'd  by  MetBchnikoff  (fig*.  5,  7,  1  \).  B  ha*  a  long 
slender  iute^iint-,  and  liie  (lo^iterior  part  of  the  body  is  cur- 
trspondingly  elougaied.  At  the  upper  lateral  portions  of  the 
•lomach  are  two  rounded  glandular  lobes,  one  on  either  side 
of  the  (esophagus.  The  hood,  in  the  later  stages  at  any  rate, 
has  n  prominent  conical  ciliated  elevation  on  the  mediaa 
line  in  front.  This  form  ia  apparently  idenlical  with  Avtu 
Hotrvclta  brnrtchiata,  the  species  originally  discovered  by 
Johannes  Muller. 

Figure  5  represents  form  A  shortly  after  the  appeatuncc  of 
the  pouch  wiiich  is  seen  in  optical  section  at  p  on  the 
ventral  side.  The  arms  are  sixteen  in  number;  they  di- 
minish regularly  in  length  toward  the  dorsal  side,  thus 
indicating  the  order  in  which  they  have  appeared.  On  the 
extreme  dorsal  side  the  scricK  is  intcrrupled  by  a  consider- 
able interval.  The  arms  are  nearly  solid,  but  contain 
narrow  central  clianneis,  which  are  diverticula  from  the 
perivisceral  cavity.  Theie  are  a  numbci  of  pigment  spots 
irregularly  scattered  over  the  body.  The  prte-unal  belt  of 
cilia  (a.  r.)  has  appeared,  the  dorsal  vessel  is  seen  at  r.,  and 
an  accumulation  of  pscnd-hscmal  corpuscles  has  appeared 
at  cor.  on  the  wall  of  the  stomach.  By  flattening  out  the 
creature  under  a  compressor  the  opening  into  the  pouch 
becomes  apparent  (fig.  7). 

Figure  G  represents  the  corresponding  stage  of  the  other 
species  as  seen  from  the  opposite  side,  showing  the  pouch 
{p-i ')  '"S  *°  ''*'^  perivisceral  cavity  between  the  stomacD  and 
ihe  botly  wall.     It  shows  the  ventral  pseud-hienml  vessel 
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with  TUdiaaenia  of  the  conlractiltj  crecu  (c),  Trhich  are 
striking  a  jM-ciiliRritT  of  the  adult  drciilalory  nppanitus. 

Figure  8  R'prctoiit*  n  comiilrrably  Utvr  Jtagw,  in  which  il 
shown  n  gre.it  advnnce  in  the  doveloptnent  of  the  pouch. 
Bending  at  first  toward  one  side  of  the  body  it  folds  upon 
itself,  and  rptum<i  to  the  opposite  side,  then  taius  Eharplf 
doiraward  along  the  intestine,  and  finsliy  bends  upward 
again  near  its  fxiremity.  Itl  inner  wall*  are  tran»vcr»«!y 
foldod.  The  arm*  have  increased  to  the  number  of  Iwenty, 
and  are  thickened  on  the  lower  side  just  at  the  base,  to  form 
the  first  rudiments  of  the  permanent  tentacle*.  There  arc 
four  tnastes  of  pwud-hiCmal  corpuscles,  two  lying  nt  each 
vide  of  the  !>tOmaeh. 

Figure  0  gives  a  dorsal  TtAir  of  the  same  iitage,  to  ahoil 
the  arrangement  of  the  arms  on  the  dorsal  side  The  folds 
of  the  pouch  hare  here  a  somcn-hnt  diflerenl  nrrnnfrenient, 
and  cannot  be  clearly  followed.  The  rudlmcnlf!  of  the  ten- 
taclea  nro  shown  at  p.  a.,  and  the  broad  contractile  dotsal 
ves«i'l  at  r. 

Figure  10  represents  n  full-grown  larra  of  B  immediatel; 
before  its  metamorphosis.  The  folds  of  the  poach  at«- 
roluminous,  and  occupy  a  large  part  of  the  perici^ceral 
cavity ;  they  have  nearly  the  same  diBposilion  as  in  fig.  8. 
The  tenlacular  rudiments  are  very  distinct,  and  hurc  Iwcumo 
partly  indcpcridi-nt  of  the  larval  arms.  Boih  dor^.i!  and 
ventral  pit-ud-hierRal  tcraftch  are  wt-ll  ilevelopetl  and,  like  tht; 
ctccal  appendage*,  are  actively  contractile.  The  massca 
corpuscles  (cor.)  are  Urge  ana  very  conspicuous  from  the 
tea  colour.  Form  A  sgrces  essentinlty  with  B  at  thid  stn;: 
though  the  body  is  mucn  stouter,  and  tlie  rudimeiils  of  tl 
tenucico  are  much  stnnllcr  and  more  closely  united  (o 
larval  arms. 

The  two  species  differ  slightly  as  (o  the  wanner  in  wMd 
the  nieiamorphosis  is  effected.  In  the  case  of  ^  the  Ut 
■ink*  to  the  bottom,  contracts  Tery  strongly,  and  the  mg 
nation  of  the  pouch  occupies  btit  a  few  minuted.  The  pr 
cess  occupies  in  tlii'  (m.-x-  of  Ji  a  much  longer  lime,  and  tf 
body  is  only  sl^liily  or,  at  first,  not  at  all  conltacied. 

I' injure   I]   repii^u^tits  the  liitter  species  at  the    rritie 
stago,  with  the  potirb  about  half  unrolled.     The-  inner. 
tretnily  of  the  latter  still  extendi  to  the  batk" 
At  fr,  ft,  aroMecn  some  of  the  fibrous  conilecliou^  ^^...kt: 
Intestinal  wall*  and  those  uftlie  pouch. 

Fijure   1«  tv|.rc»cnU  the  crfalunt  wilh  th«  \h--. 
whole  of  which  ii  nol   *hutrn)  m  holly  uuruUeiL 
has  been  witbdrawu  into  the  issophagus,  tile  Urviii  an 
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iave  ilmppod  AfT,  and  the  short  tvntiicles  are  diKCted  ttrnight 

lArwards,  and   form  a  circlet  Hurroimdiitg  the  mouth.     The 

trior  nortion  of  the  larval  body  lj>.),  A»ith  the  aims  at 

[tremity  (a.),  is  still  distinct.  «nd  is  bi!«t  al  right  nn^tes 

to  the  long  11X18  of  thp  pouch,  which  muBf  now  he  callrd  the 

^boily  proper.     Tn  time  it  bi-comfS  bent  -till  further  upiTanU, 

*  lAi),  at  tite  samo  lime,  is  padually  withdrun-n  into  and  fuses 

rith  the  remainder  of  the  body.     Ultimately  it   quite  dis- 

•ppcarB,  and  the  anus  remains  as  an  opening  on  the  iiidc  of 

the  body,  immfdintely  behind  the  circlet  of  tentacles. 

Figtiio  13  repn^seiila  A  about  twenty-four  hours  sAer  the 
iDetamntphoi«t.>,  nhen  the  larval  body  has  completely  fused 
i^with  that  of  theaduli.  The  body  is  soft  and  extensihl'e,  and, 
^bhough  it  haa  nnmergus  transverse  folds  when  contracted, 
^Kkun.-  is  no  indicjition  of  mctumerigm.  The  aboral  extremity 
^Hi  extteiDcljr  changeable  in  sha|)C ;  two  forms  commonly 
^^BMamod  are  ahowii.  The  surface  is  cvcryivlierc  finely 
^IpuialAr,  and  becomes  distinctly  tuberculose  towards  tho 
'^^abotal  extreinity- 

Now  tentacle's  arc  henccfonrard  constantly  budde^l  fortli 
at  the  dorsal  side  of  ihclophophore,  at  about  the  rate  of  A 
|^~iicw  pair  every  day,  until  their  number  becomes  a  hundred 
^■Dr  more,  and  tncy  iiierra«B  gradually  in  length. 
^^     Figure   14  rniirescnbt  the  same  individual  as  that  showti 
in  Bg.  IS  twi'nty-two  days  af^r  ineiamorpho«ls,  and  practi- 
cally  in   tlie    adult  condition.     The   tentacles    are    richly 
riliatcd,  and  have  exactly  the  same  appejirauce  and  iicrform 
the  same  movements  as  in  the  Polyzoa.     Each  hns,  however, 
a  cxcal  vessel  from  the  pseud-hivnial  circumoral  ring,  and 
performs  a  distinctly  respiratory  function.    The  p«cuil-hicmal 
fluid  i*   very  remarkalJte  ftom   the  presence  of  numerous 
Urge,  Oval,  nucleated  corpuscles,  which  look  not  very  unlike 
I^Bflf'   red   corpuscles  of  frogs'  blood,  though  of  lc«f  reenlar 
^Hhape.     They   are  aUo  red   in  colour,  and  render  all  the 
luaucbes  of  ihf  psoud-hsemal  system   very  conspicuouf,  so 
that   their  arransemenl  may  be  very  easily  made  out.     la 
ocilbrr  of  the    Chesapeake  species  is  there  a  vessel  run- 
]Ing  along  tho  Intestine  towards  the  anus,  although  such  a 
I  la  figured  by  Mctschnikoff.     Norcan  I  agree  with  this 
ter  that  (he  corpusclea  of  the  meud-hseinal   fluid  are 

loped  free  in  the  perivisceral  cavity  to  (redrawn  into  the 

teud-iiocninl  vesjeU  at  the  time  of  mctamorphoiis.  There 
anuot  ha  the  Icait  doubt  that  in  both  our  species  these  cor- 
usclcs  are  developed  tu  solid  masiirs  adheriii};  to  the 
aomacb  walls,  near  the  Wi'  of  the  tentacles,  and  I  believe 
to  a  rise  within  the  cavity  of  «  sinus,  which  becomes 
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tbe  circumonil  ring  of  the  adult.  They  never  float  frtcl] 
in  the  perivisceral  cavity,  and  canoot  for  a  moment  be  con- 
founded  ivith  the  true  blood-corpuscles  of  tliii  caiitf.  Oaring; 
tb«  melamorpliosis ,tbHe  masMS  nuddiMily  brrak  up,  and  the 
cerpBsclm  are  almost  immediately  carried  along  n-itbin  tiio 
TMwk  br  tbe  perislaUic  contrnriionH  of  tbe  Utter.  During 
tbe  later  larval  stages  tbey  are  someiimei  eloQ){«ted  toward* 
each  other,  and  connL-ctird  by  a  narrow  band  containing  a 
few  corpuBcU<«  (sec  fig.  10) ;  aud  rvpeatod  olMervntiuitt  of  ttie 
mctnmorphotii  baa  convinced  me  that,  fur  our  sfieciea  at 
|p.i»l,  MetHclinik.ofir8  account  is  incorrect.  Owiim  to  tbe 
ritliire  of  ailempl«  to  mnkc  DAtiRfactory  scctioni  of  the  Urvn 
I  liHi-e  be«D  unable  nlx'aluti.-Iy  to  ilemonatrale  tbia  point 
ivhicb  is  of  oonsidcrable  importance  from  its  beariojta 
tbe  rvlniioti  between  the  poeud-tuemal  system  and  the  bodfj 
cavity. 

Part  II. 

Before  advaDcing  epcculutions  as  to  ihe  origin  and  sig- 
nificance of  this  most  rpmnrkable  course  of  devclopmenl,  it 
ia  necrsaary  to  dwell  for  a  moment  on  the  lyatematic  rela* 
tions  of  PAoronis,  and  on  certain  structural  feature*  of 
group  to  which  it  belougs.     It  is  pretty  well  agreed  thai 
PKoTonU  is  a  Grphyrenn,  althou^-h  a  greatly  modified  anc 
specialiicd  representative  of  this  pmtliar  group.     Althau);l:_ 
(iio  peculiarities  of  its  duvelopnieitl  are  so  greui  a»  lu  lead' 
•o  high  an  authority  as  Mr.  Uatfour  (o  question  the  cor- 
rectness of  this  identification,  1   believe,  nc  veil  he  less,  that 
these  doubts  are  not  well-founded.     In  all   irsMntial  ana> 
lomicnl  characters,  so  far  as  they  are  known,  Pkotvmt  agr 
closely  with  such  forms  asSpuncutiit  or  Phtucoloaoma.     Itl 
roost  striking  characters,  such,  for  example,  as  the  cloiie  prox- 
imity of  the  mouth  and  anus  and  the  nigh   development  oj 
tbe  oral   tcntarlcN,  are   aiiuply  exu^eraiiuni  of  cb<-iractet 
posaeawd  by  the  last-named  genera.     Almost  all  of  thr  adult 
characters  arc  readily  explicable  as  tbe  result  of  extrvnig 
adaptation  to  a   strictly  tubicolous  life.     In  leganl  to  tlif 
ilerelopment,  1  shall  endeavour  to  show  that  its  pcculiaritie 
are  almost  certainly  doe  lu  vecondary  adnptatiiTis,  correlated 
with  the  highly  specialised   otructure  of  Ihe  inlult.     Many" 
fnctA  show  that  it  is  not  w<>rth  while  to  attach  mueb  ira|Hirt> 
anee  to  so  ineonsluot  and  variable  a  characECl  as  the  arruiif^t'-' 
ment  of  ciliated  bnit*  b  |M>lagir  larvae.     Uut  if  (hit  poinj 
were   of  importance,    Ibeir   arrangeineat    in   AcfinotrocAt 
would  not  pncent  any  great  difEculliei  in   tite  way  of  iq 
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(Uiling  tbe  creatare  R«  b  truo  G^phj-rciin  larva.  If  the 
(judft  [if  Btrimmiiig  Mrnis  nren^  tii1iii-4:(1  Id  a  »impl«  [)o«torel 
ikI  the  pnconi)  lube  tnlucei)  in  ^ixe,  the  tarra  would 
fiiirlv  vftll  wilh  thf  larva  of  Phascolosoma  or  Boneiiui, 
in  supjiurl  of  this  view,  it  is  iieces»ar)r  to  coiieidcr 
ihr  lODjiet  cilia  along  tli«  margin  of  tin:  pncoral  lobe  as 
TcprMcrutiog  a  {ituoinl  bt-ll  cumpamblc  to  that  of  tha 
Edkhtrva  Utvii,  I  &c>'  no  valid  objticiioti  to  so  vu»»ideriiig 

Arif  [iiiuit,  then,  iho  rit-w  that  PhoronU  ih  a  Inie  Gephy- 
TMn.  wc-  mny  tio'*'  'Vnt  nmonjj  these  animals  two  series  of 
liinBB  m.ij   '  ii-il,  which  differ  from  ouch  other  in 

tbc  eounc  <  .[ary  caiinl  and  thu  |io>ition  of  the 

antu.  This  divi«i<jn  of  the  ^roup  is  tiol  neces&arily  a 
"nataral"  oiie  ;  for  our  prvsetit  purpose  this  poiut  is  quite 
tmmatorial.  Id  one  Nrrie«,  T<'pre4ent<Ml  by  such  forms  as 
BoHtHia,  Thalatucma,  Echittrua,  the  mouth  and  aniiii  arc  at 
opposite  f  \tit<rui(ie3  of  the  body,  and  the  alimentary  canal, 
wAc  fnim  secomlary  flexures,  pursues  a  straight  course 
from  'lue  lo  thiT  oilier.  In  the  other  scries,  iiicluding 
Pkatctiiosoma,  Sipunctilut,  Phoronis.  mid  other",  the  anus 
U  oeat  ihe  nioiilh  ou  iIm;  apparently  dor'<al  »idr  of  tho  body ; 
and  the  alltnontary  canal  is  Ikmu  upon  itself  to  fiinn  a  long 
D-shapcd  loiip,  which  is  usuallr  eoinplicaled  bv  secondary 
flrxiiri"?',  as  in  the  first  Beries.  The  ActinotrocnaN  larva  of 
/•'  IfLi'ii  if.*  jpccially  acquired  swimming  appa- 

rs'     ,  .  '   d»  pi^-lly  clo>clj  will]  such  ii  form  as  T%alas- 

lema,  reprcseniiug  tin'  first  series.  And  the  larva  may  it«clf 
bitly  he  taken  a>  a  representative  of  this  aeries.  The 
presence  uf  swimiuiug  arms  is  uo  obstacle  to  this  rte»r, 
foi  lh«se  are,  clearly,  provisiona  to  increase  the  surface 
for  ihf  nilachiiu-iil  of  locomotor  cilia,  and  can  have  no 
41  :;^iiilirane(!.' 

.  .1  its  metamorphosis  the  larva  becomes  an  extreme 
npt>%cHialivc  of  the  second  series,  the  anus  undergoing, 
apparently,  a  iraasfer  from  one  extremity  of  the  body  to  a 

lint  very  near  the  opposite  rxtrvmily,  beside  the  mouth, 
~  the  inteatinc  acquiring  a  corresponding  flexure, 
'mm  these  and  other  more  genera)  considerations,  it  is 

tdcni  thai  the  displacement  of  the  anus  and  conesiKinding 
lliixiire  among  the  Gephyrea  in  general  are  dciivative  cha- 
racters which,  in  all  probability,  wero  originally  acquired  to 

'  PfofcMar  Laoiissler's  comiiariMa  nf  tbeie  xnai  to  \\ie  "  brsnchio- 

I "  nf  Edibiodnm  birTK  and  other  fonns  eao  be  valid  only  if  liJun  la 

iMUt  oMieral  *aaM,  as  osa  ito  •ioubl  bittnded,  and  not  as  tntiicatiTc  of 

I  ifctitl  wWWMJiip  to  Ukm  fof  Dia. 
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adapt  the  ftiiimaU  more  MrfMlly  to  ■  tulicolous  life.  We 
have  seen  hovi  tliU  sliiuiiig  of  the  anus  is  rff^t^  in  ibc 
iodiTulual  development  or  ontogeny  of  the  animal ;  and  it  is 
plain  that  in  considering  how  tbie  moihod  of  ilevetnpmi^nt 
has  been  acquued,  the  fit«t  question  to  answer  is  as  lu  hot* 
this  ehil^iog  was  cScclvd  in  pust  time  during  the  phylogeny, 
as  the  ance^tois  of  the  animal  pnucd  from  a  free-swiniming, 
or  at  least  wandering,  mode  of  life  to  a  strictly  »t-ilc»Ury 
tubicolous  one. 

The  answers  to  this  question  are  possible.     The  first  ta 
that  the  anus  giadually  moved  dorsalwards,  and  then  for- 
waids   to   its    present   position   behind    the    mouth.     Tl 
Eecond,  which  is  the  view  here  toainuincd,  i«  Ibnt  the  won 
upon  assuming  the  tubicolous  mode  of  life  developi^d  a  hfib( 
of  bending  the  body  into  a  U-sbape,  bringing  the  posterior 
part  of  the  body  alongside  the  anterior  part  in  order  to  dis- 
ohai^e  the  excreta  at  the  mouth  of  the  tube,  or  fur  some 
similar  reason.     External  tiiguB  of  this  flexure  becoming  in 
time  obliterated  by  coaleseence  of  the  two  limhs  of  thu  V, 
the  body  once  more  assumed  a  straight  linear  form,  but  with 
the  anus  and  mouth  now  near  the  same  extrt'inity. 

Obviously,  there  are  many  dilBcuUics  in  the  way  of  the 
supposition  that  the  anus  gradually  moved  forwards  along 
the  dorsal  side.  This  process  svems  impossible  if  we  as< 
Bume  the  wonn  to  have  meanwhile  retained  its  tubicolous 
habit  i  for  only  a  very  great  displacement  could  be  of  any  .__^ 
advantage,  and  it  is  impossible  to  sup]>o«e  lliat  sui^lfl 
a  displacement  could  occur  as  a  natural  variation  of  struc^^ 
ture.  To  assume  an  intermediate  mode  of  life  during  which 
the  creature  should  live,  for  instance,  in  mud  or  sand,  would 
not  obviate  this  difficulty,  but  would  do  away  with  tht-  need 
for  way  displacement  at  alt.  The  existence  of  forms  like 
Phtuoloaoma,  which  live  in  sand  or  mud,  and  yet  have  « 
greatly  displaced  anus,  does  not  meet  the  otijection ;  for 
there  is  some  reason  to  beiieve  that  such  forms  may  be 
considered  descendants  of  Mnctly  tubicolous  forms  which 
for  some  reason — perhaps  increase  of  sixe — have  abandoned 
their  former  mode  of  life. 

On  the  other  hand,  the  flexure  hypothesis  his  rnnsiile 
able  evidence  in  iu  favour.     Among  the  tubicolous  Ann 
lides  there  arc  forms-— 0.^.   Saidiaria—vihich  hahilu 
flex  the  body,  u  I  suppose  the  ancestors  of  PhcronU 
have  dune.     Such  a  form  is  shown  in  fig.  £0,  which  i«pi 
sent*  a  Ur^"     '  '   "  ria  from  the  North  f 
li  very  noti  .i;Bl  the  dirLcliou  of  i  no 

,  and  toward  the  dorsal  aspect  of  tb<  body ;  «>  Utat  if 
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tune  esiertiol  signs  of  tile  flexurt  iboold  disappear,  the 
•nut  ncrald  hare  exactly  (lie  samp  position  it  occupies  in 
Phortmit,  and  (be  intvsiine  would  liatr  the  same  disposi- 
tion. Admitting  thai  such  a  flexUT«  look  pl«cc,  it  sccihs 
Tery  probable,  a  priori,  that  the  two  parts  of  the  body  thus 
btoagbt  into  proxiraiiy  woatd  tend  iii  time  to  coalesce,  and 
tbtu  to  deitray  the  app«aiaiicv  of  flczuTe.  In  ceitatn  ana- 
logOQB  cases  such  a  flexiiTC  and  fusion  plainly  seems  to 
har<!  occarrcd.  A  clear  aud  coiifincing  illu»tintion  is  af- 
forded by  certain  Holothurians;  for  here  a  rword  of  the 
change  has  iweii  preaeived  in  the  rows  of  nmbulacrftl 
fDc1iCTi>.  These  i«taiii  their  ftcxcd  course,  and  thus  give 
OS  external  evidences  of  the  hi.4tory  of  the  nnimiLl,  nhich 
■n  nanting  in  Phormit.  Such  forms  as  PaUacla  or 
B^ajita  are  iwrfvctly  ilraight,  exhibit  a  striking  though 
not  abfolntcly  perfect  radial  Bymmelr}-,  and  the  radii 
vf  ifar  )>ady  are  of  equal  length.  In  other  forms,  Uke 
Vitrumarin,  which,  liTiDg  in  »and,  habitually  bend  the  body 
shaTjily  in  the  middle  to  bring  both  cxircinitii-s  to  the  sur- 
face, the  bitdy  bat  loft  something  uf  Wa  radial  syininelry. 
The  side  of  the  body  towards  which  the  flexure  i«  made 
b  perceptibly  »horl<!T  than  the  other,  and  the  body  cannot 
be  mlly  straightened.  In  other  words,  the  flexure  b  parti- 
■:V  'rated  by  coalescence  6f  the  body  walls,  it  has 
b<  L;anic.     Here,  again,  tliu  direction  of  the  flexure 

i.  :,  being  towards  the  bivium.     \  further  step  is 

jtr  I  IBS  lik*'   Psolia  or  Lofhot/tun'a,  when-  the  radial 

■ytnroetry  bus  beconm  profoundly  modified,  and  the  mouth 
■r<^  .1.  .,  „  nn;  perhaps  twice  as  tar  apart  on  the  sidi-  of  the 
li  on  the  opposite  side.     Whether  the  next  stage, 

wiiKU  1^ouhI  be  in  *hapc  something  like  an  A$cidiun,  exists 
Bbinng  the  Ibdnthnrians  I  do  not  know.  Dut  the  extreme 
of  the  serii  .1  in  Uhupaloiitna ,  where  the  niuath  and 

cloacnl  o\"  --  in  immediate  proximity,  and  the  body 

is  ruiisidcrably  elongated  in  a  direction  tratuvi-rse  to  the 
oHginnI  hnig  axis.  That  thi«  structure  was  really  biought 
about  by  the  complete  Hexure  of  a  primitively  straight  and 
nidlally  syhanutiicai  form  is  shown  by  ihc  |>cT«i»tcncG  of 
thie  tlexurt',  alliio^t  unaltered  in  the  ambulacral  vl-shiU,  (U 
fir»t  pditHfd  nut  by  lleiniann  Ludwig. 

AiK'iher  illustrntion  is  afibrdcd  by  the  Chxtopod  larva 
Miiraria,  In  this  well-known  form  the  dij^eslive  lub<!  is 
completely  doubled  upon  ilaclf,  so  that  the  mouthand  aniia 
UD  in  immediate  proximity.  We  mudt  believe  that  here, 
too,  the  entire  body  has  undergone  an  actual  ur  virtual 
RfXUTi:  cuireaponding  to  that  of  the  iuleatine  j  for  in  a  later 
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'fli^M  f'iftn*  *li>m  11(1  Axmiial  evidencca  of  anr  flexure  ' 
llifi  licilf  1  aril)  if  Mfy  wcrti  rcwlljr  intcnnedUte  forms  tbei 
ritii'htrtt  ¥HihU  runiiili  n  *lrong  argutoeot  against  t' 
llMiiro  Uy}'u\ht"\».  Hut  it  mual  h«  docmI  that  in  many 
llix**!  fonii*  llif  niilvrlKT  or  oral  iwrt  of  the  bodf  nalla  oiaj 
H*N|il<"il"<l  lit  f<irni  It  lort  Df  fnlic  tcsophngus  with  lite 
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iiKnilIt  Hi  il*  ImiIIiii».  And  il  RtHinn  probable  that  the 
ill))-  l(it*'iv«l  )'c(witfit  thn  tnoulh  and  anus  exists 
u  tiidi'i   I"  |ivinilt  such  inva^fiaalion  ti>  ukc  iiloc* 


n. «■>■>(,  III  tiMli'l  i»  |iviniu  aiivn  iiiTaffiuaiiun  ii>  mkc  |ii 
wUmxii  lnvnlvlitH  On*  UUi*r  i)|ii-ninf{.  IF  ilits  surmise 
fiHtin  In  nuMtloti  hnvo  really  been  derived  Ii 
I  hitil  liii>  tiiiiiilh  nnd  mtus  clost^ly  a|iprDxiii» 
'II'  iitit  iiiifftiipdiate  forms  at  all, 
'  (it  Ihu  way  of  (he  view  which  has 
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tre  ffxtremcly  ditfrmtt  in  appearnncc  nnd  in  structure.  Kacli 
ii  very  pcrfeciiy  adapleil  to  iu  own  i>[>ecial  kI  of  conditions; 
■ad  since  the  two  seis  of  conditions  are  very  unlike,  the  cor- 
mponding  etructuru)  adaptations  nre  alto  very  unlike.     Xovr 
tfae  BDtninl  niu»t  sotDGhow  cxchmif;e  the  one  ECt  of  cliaracters 
far  tlie  cihcr ;  nnd  of  courv;  llic  most  advantageous  moihod 
of  exchange  Vfil!  be  pre*erved.     If  Ihe  larra  were  coiivcrlt-d 
tnlii  the  adult  b;  a  process  of  continuous  growth,  giadiially 
loving    tu    larval  peculiarities   while   acfjuiring   the   adult 
feature,  evidently  nn  intermediate  or  tranntion  period  would 
reauit.  during   which    the    animal    would    be    imperfectly 
adapted  to  either  Urval  or  adult  life,  and  yet  would  requir9i 
all  ita  energies  to  keep  up  the  structural  changes  going  od«I 
It  would  either  be  at  a  great  ditadvantage  during  this  periodl 
or  wuuld  have  to  acquire  slitl  another  i«t  of  oumpcn^ating-^ 
adaptations  answeriox  to  the  requirements  of  the  transition 
(tage.     Examples   of   such  adaptations   are   common,  e.g. 
anoog  many  insects  where  ths  changes   undergone  are    so 
profound,  apparently,  a«  to  render  tranaition  Btageic  inavi^ 
Ubte. 

For  these  reasons,  it  ecems  manifest  that  it  would  be 
advantageous  for  the  animal  to  pass  rapidly  and  directly 
frein  the  larval  structure  to  tho  adult,  thus  escaping  ns  far 
as  possible  the  disadvantages  entailed  by  a  state  of  trunKitJon 
or  the  expenditure  of  energy  demanded  by  the  acquiaitioa 
of  secondary  adaptations.  The  metamorphosis  of  Aeitno- 
tncAa  secures  to  it  this  advantage,  and  it  seems  clear  that 
thia  is  why  the  process  of  sadden  transformation  has  bcea 
aoqtiircd. 

i^auing  on  now  to  consider  Aotc   the  process  may  havei 

beet)  acquired,  the  bearing  of  the  HlK-culutions  conceTniu|p 

the  way  in  which   the  anus  originally  left  its  primitive  ter- 

minal    position  becomes    apparent.     If  my   theory   of  this 

IproM'Sii  i>  correct,  it  ia  evidrnt  that  in  the  adult  worm  the 

■al  region  is  nearly  oblirc-rated,   being  represenled  onljr^ 

tlie  snort  interna)  between   ihc  mouth   and    the  nnuG;i 

site  the  ventral  region   includrs    nearly  (he  whole   length 

of  whut  U  upparcnily  the  doraal  autface  «»  w<:Il  as  the  whole 

"  vuntiAl"  furfuce.     Jn  the  larva,  however,  the  dorsal  and 

Keutial  region  are  of  uearlv  equal  extent ;  so  that  in  as^um- 

tiag  the   adult  condition  the  ventral   region  mu»t  undergo 

Btuive  ii>irea«e  through  some  process  of  growth.     From 

at  lias  been  A^id  abwve,  it  ia  evident  that  udvaotago  would 

derived  if  this  growth  could  take  place  in  such  a  way  as 

Inot  tu  impair  the  adaptation  of  tliu  larva  to  i(«  conditions  of 

llifo.     A.  simple  veolral  outgrowth  of  the  body  wall,  carrying 


tu 


KPHOKU  K.  WILSOIt. 


with  it  a  loon  of  the  iateatitie,  nould  destroy  the  baUnoe^ 
the  lai?al  bod;^,  render  tho  pitcanal  belt  of  cilia  useleM^  an 
increase  tbe  >iz«  of  tlic  body,  bo  tliat  the  vwimmini;  appa- 
ratuB  would  be  iiisufficieitl,  and  the  pelsgio  life  would  hare 
to  be  abandoned  for  a  period  of  tranBilioii.  On  the  other 
band,  if  the  ventral  wall,  as  it  grew,  should  become  eo  folded 
on  itself  aa  to  preaorvo  the  outlines  of  the  body  unaltered, 
an  extensive  growth  would  be  possible,  without  the  need  for 
any  tiKnttitioii  period.  Abniidaat  roont  for  such  an  infold- 
ing is  uffotded  by  the  spacious  perivisceral  cavity  of  Actimt- 
trocia,  and  the  pouch  may  be  regarded  as  having  been 
derived  in  this  way.  Strictly  pamtlel  cases  among  other 
uiinuls  are  not  numerous.  Perhupf^  an  imperfect  iilustra- 
tratioD  may  be  iltdwn  from  the  fuldtngi*  iti  tho  cmbTvonic 
wings  of  iuseciH  which  render  ihem  ca|nblo  of  being  stowed 
away  in  a  very  small  space  in  the  pupa,  and  yet  permit 
their  rapid  expansion  at  the  time  when  the  imago  state  ia 
assamed. 

A  much  mure  striking  inatance  is  afforded  by  the  mata- 
mocphosis  of  cerUin  PoUaoa.  We  owe  to  Bnrrois  (§« 
'Annales  des  Sciences  Maturelies,' August,  1880)  the  very 
interesting  observations  that  ihe  so-called  "  internal  sac," 
which  has  been  con&idercd  as  tbe  rudiment  of  some  portion 
of  the  alimentary  canal,  becomes  ovaginated  at  the  time  of 
metamorphosis  and  then  forms  n  large  peduncle  (j>iagut 
quadranipdairv),  by  means  of  which  the  larva  first  attacms 
itcelf,  The  similarity  of  this  process  to  the  metamorpbosil 
of  Aetinoirocha  is  obvious  ;  and  it  seems  equally  clear  that 
it  has  arisen  for  the  same  reason.  Th?  larval  Polyzooo  thos 
taakea  ready  for  tbe  act  of  attachment  without  detriment  to 
iu  own  adaptation  to  fitee-swimming  life. 

The  infolding  in  the  Isrvsf  of  the  ancestors  of  Pkerenit 
must  have  been  at  fint  slight  and  more  or  less  indefinite, 
becoming  more  extensive  and  definite  as  the  dorsal 
region  of  the  ndult  diminished  in  consequence  of  the 
griidunl  oblilerntion  of  tbe  flexure.  From  such  a  priniitivi 
infolding  the  pnuch  of  Actini>iroeha  could  by  natural  xelec' 
lion  be  readily  derived.  The  external  opeiiiug  nould  tend_ 
to  become  reslricled  for  the  exclusion  of  jiarasites  or  foreign  - 
bodies,  atul  Ihe  gradiul  deepening  of  the  infolding  would  at 
length  reduce  it  to  the  form  of  a  long  pouch.  'Htu  fibrous 
or  musrtiUr  connection  between  tho  poach  and  ttui  walla  ot 
the  ahmi-ntary  canal  are  perhaps  homologous  with 
the  similar  fibres  connecting  the  »loinaeh  wall  and  body ' 
in  such  Ucphyrea  as  Thatoittma  at  SonaUia,  which  are 
torn  comparable  to  the  septa  of  Ihe  AntuUdua. 


lCxrAUOBPHOSI«  OF  ACTINOTROcnA. 


2U 


I 


A  little  contitleratioa  shows  tbtt  the  iii«Uinorpbo«is 
iuolf  is  in  reality  a  sudden  and  extieme  donal  flvxure  of 
Uie  body,  wbicb  maj  he  coDtidered  &s  the  outogvnctic 
repetidOQ  of  a  babit  of  sduU  aticeetial  forms.  It  differs 
from  the  Utter,  however,  in  tbo  immediate  disappearaace 
of  extrniiil  sign*  of  (be  Jlcxiirr,  whilr  in  tho  phytogeny 
this  disappearance  probably  took  plncc  very  griidually. 
Vig.  13  shows  the  laival  body  beni  at  right  aiiglex  towards 
the  dorsal  side. 

A.  few  further  remarks  may  be  added  in  regard  to  the 
syeumalic  position  of  Phoronit.  \x»  very  striking  resem« 
blancc  to  a  simpli;  Iiippocrcpian  Polyzoon  if  mlirrly  second* 
ary,  and  is  a  very  curiuus  illustration  of  the  acquisition  of 
almost  exactly  similar  structures  to  meet  similar  conditions 
by  organisnis  having  no  uear  genetic  relation.  As  already 
stated,  the  Polyzoon-bke  character  is  a  result  of  strictly 
tubicolous  life;  and  the  lattvr,  again,  may  depend  in  part 
a|M>u  the  abs«noe  of  structures,  like  the  complex  settc  of 
tubicolous  Anneltdes,  adapted  to  effect  the  ready  protrusion 
or  withdrawal  of  the  body.  Schneider's  comparison  of 
Aetinotrocha  to  the  I'oljioon  larva  CypAo/wutes  is  purely 
•upct^cial,  and  affords  no  proof  whatever  vf  relaiionEhip 
between  the  Tolyzoa  .ind  G«^phy[ea.  Fiirthii.hU  notion  of 
the  relation  of  Phoronit  to  its  larva,  which  ho  compart-s  to 
that  existiug  betweeu  the  polyzoon  polypide  and  the  cystid 
from  which  it  develops,  is  manifestly  baaed  on  a  misunder- 
standing of  the  real  nature  of  the  metamorphosis,  for  the 
adult  oannot  ho  said,  iu  aoy  sense,  to  arise  by  a  process  of 
gemmation  upon  the  larva. 

The  significance  of  the  life-history  of  I'horonia  becomes 
apparent  when  we  pass  to  a  consideration  of  some  of  the 
remarkable  metamorphosefi  undergone  by  other  animal*. 
Aj  already  pointed  out,  these  meUimoiphoscK  are  in  moot 
Msea  of  so  complex  a  character  that  it  it  impossible  to 
follow  out  in  imagination  thf^ir  ptist  hiiitory  n«  circum* 
atuttially  as  we  are  able  to  follow  tho  history  of  Phoronit. 
Nflvertheless,  we  can  trace  the  same  principle  in  many  of 
diets  ciUM,  and  in  a  few  instances  a  somewhat  similar 
process.  For  example,  in  the  well-known  and  very  remark- 
able  case  of  Piiuiium  the  animal  is  aubjccted.  during  its 
derelopment,  to  two  entirely  difierent  environments.  During 
tlw  e«rlier  part  of  its  hfe  it  is,  like  Aclinatrocha,  an  active 
free*swimtiiing  animal.  At  a  later  period  it  leads  an  utterly 
diCnent  life,  burrowing  in  mud  or  sand,  living  upon  dif- 
ferent food  with  new-  enemies,  and  subjected  to  many  other 
Mir  ioBuencef.     Correlated  with  tbeso  gruat  diflervnces  of 
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enriroiimciit  we  find  so  grvxt «  difTerancc  uf  ttnictuix'  betweei 
the  Urvn  and  the  adult  that  no  one,  nviilioiit  knowing;  Pii 
development,  could   suspect   their   identity.     Tliey   are 
wholly  unlike  shupe,  hire  acqaired  independent  and  dis* 
similar  5tn«oT)*  »nd  locomotor  organ*,  protectiTt*  chnrnctfTfi, 
and   pofsiWy   ftven   distinct   nervous   syaietni*.       Nolwith- 
standing  these  very  great  differences,  the  peculiar  devclo|i- 
nent  of  the  Nemertinc   ivitbin   the   larval   body  obviates 
entirely  the  noovttsity  for   intermediate  K(a<;es   iviib    tbeir, 
atu-ndaiit   disadrantages,  and  permits  what  tmiy  fuirly  bej 
ealled  an  instautaneous  leap  from  one  condition  of  ada]>ta<| 
tion  to  another.     As  in  the  caee  of  Actinotrocha,  a  complete 
preparation  for  Die  adult  cnnditiun  is  ifrsdually  made,  i>] 
the  funnation  of  a  Urge  part  of  the  adult  sIrucluTe  fror 
{wrtions  of  the  taival  body  wall,  which  are  infolded  into  tin 
perivisceral   cavity,  and   there   go  on   developing  williouf 
altering  the  external  features  of  the  lairn.     There  are  fouf 
such   invnginiilionit  in   PUidium,  itnil   they  undefijo  much 
more  profound  and  e};teiu>ive  aiructural  chan);e»  than  doM 
the  single  invagination  of  Actwotrocha.     Yel  it  MPma  to 
mc  that  they  may  have  had  a  not  very  unlike  origin.     If  Ui 
tolerably  cl«ir  that  the  same  ((eneral  cause  has  determined 
their  development,  and  I  think  tho  two  prooetses  of  growth 
may  be  classed  together. 

Wc  find  somelhiug  similar,  again,  among  the  Eobino*^ 
derms,  which  are  especially  interesting  as  exhibiting  a  »enea 
of  larval  forms  undergoing  various  degrees  of  meiamor- 
f>ho4is.  Here,  loo,  in  some  cases,  whrn  the  metamorphosis 
is  TeiT  decided,  the  Hist  rudiment  of  the  adult  ari»es  from 
an  infolding  of  the  larva)  body  wall,  though  more  commonly 
no  sueh  invaj-inntion  orcur*.  But  in  either  case  the  adult 
develops  ivilhin  the  Wdy  of  the  larva  in  such  a  way  as  mJ 

SreM-rve  almost  unaltered  those  external  fe-itiiTPs  of  thvi 
ittcr,  by  mesus  of  whicli  it  comes  iitio  direct  relaliuus  with 
the  surrounding  medium.  The  tendency  is  towards  the 
avoidance  or  abbreviation  of  transition  stages  by  maintaining 
the  larval  adaptation  unimpaired  as  long  m  poxsihlv.  In 
this  case  liansitioD  stages  are  not  entirely  avoided,  for  it 
seems  iinpoEsible  to  quite  bridge  over  in  this  way  tho  very 
gnat  structural  ditfen^nci;*  between  the  larva  and  this  adult. 
It  is  a  significant  fact  tltat  the  devilojjmont  of  tho  Holo- 
thuriaus  is  simpler  and  more  direct  than  that  of  the  Star- 
fish, Sea-urchins,  or  Ophiurans.  This  aeema  to  depend  onj 
the  fact  that  the  adults  of  the  former  group  ar«  aofl-bodied, 
with  flexible  walls,  and  not  vtry  different  ni  sbapti  from  the 
Urvs.    Tbtt«,  a  dixifct  Ustiafoniutliou  of  tho  larvm  into  thol 
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adulia  is  poMihlc  wilhout  the  interrpnlion  of  «  very  pmlongntl 
tut  (listinct  ini«rme<li>ie  utiigc,  whik-  the  rigid  ami  re^uUr 
covcrin^sof  llieolher  K'<>u[)*  iiivulvrsit  grraUT  mctamuri)liosi8 
oC  U)t!  lurva,  which  acmnliii^ly  si-ems  (o  n-quiru  morit 
gradual  [irvpurntitin.  This  cnii  be  made  ouly  during  ii 
period  of  irMHsiiian  or  by  (nvans  of  Mmo  Hpecial  mode  of 
iiilornnl  develop  me  iit.  Arid  the  Ulter  im-thod,  bciii|{  more 
MlTaniagf'ouf,  hns  been  acquired  and  preserved.  To  tr»cv 
out  exactly  bow  ihit  process  hits  been  acqiiired  seems  im- 
practicable at  present,  owing  to  ihr  wniit  of  tnfficicnlly 
mtnnle  and  eitendc<i  kri»wli>dgt!  r>f  the  exact  comlitions  of 
tiu!  larval  and  adult  life.  Hut  it  seems  quite  posKibli;  ibiit 
a  compledt  explanation  of  these  inlerostinjf  phenomeira  will 
ill  time  become  possible  on  this  principle  of  the  nbbrvvintioa 
otltatisicioti  slaves. 

The  sifjniKcniice  of  insect  nietamorplioses  has  been  so 
wctl  clucidaU-d,  that  I  will  add  only  a  few  words  on  this 
aubjecl.  In  ttiin  group  the  ntructnnil  differences  between 
larva  and  »dull  are,  in  many  cii«c»,  of  such  a  nainrv  that  a 
tranHtioii  stage  cannot  bu  avoiiled  ;  and  we  fiitd  \init  .ilugti 
provided,  in  many  eaaes,  with  the  most  elaborate  adaptive 
etructuret  to  compensate  for  llx-  dtsadtantaxe  t'riiis  neceasi- 
taiml.  It  i«  a  very  interesting  fact,  as  Mr.  B.ilfour  well 
remarks,  that  ih«  intormcdiiitv  (pupa)  »tagt^  as  tbun  pro- 
tected "has  become  t>e«0udarily  adapted  to  play  a  pait  in 
ihe  economy  of  the  species  quite  different  from  that  to 
which  it  owe*  it*  grigin,"  i. «.  the  protection  of  the  creature 
during  the  iuetnmvnl  season  of  the  year,  as  when  tliv  iusoct 
passes  die  wiuttir  in  the  pupa  slnte. 

Althongh  n  transition  stagv  occurs,  it  is  ordinarily  assumed, 
M  far  OS  external  features  are  concerned,  by  a  sudden  cbdugo 
and  not  by  gradual  modification  of  the  larva;  and  the  change 
fium  pnpa  to  imago  i»  i-qually  abrupt.  !jir  John  Lubbock  s 
explanation  of  the  sudiieunr-nN  of  llteae  changes  is  that  it 
results  from  the  hardnes^s  of  the  external  skin,  which  rendi-r* 
grndiial  mudifiratiun  impoK^ible.  This  is  elt-ar  enough  in 
the  change  from  pupa  to  imago,  but  it  scema  insufficient  to 
explain  the  sudden  changi.-  from  the  soft-ttkinned  larva  to 
the  pM|w.  This  is  rather  to  bo  enplnined  as  a  result  of  the 
advantage  of  mniniaining  complete  nduplalion  to  larval  life 
up  to  ns  Iflif  a  period  ns  pnwhlr.  It  is  very  interesting  to 
note  that  in  some  cawm  iif  deridt^d  melamotpho*i»  the  abrupt- 
ness of  change  is  facilitated  by  the  developmrnt  of  poriiiuia 
of  tlie  adult  urgnnisin  from  invaginations  of  the  larval  skin 
— the  jmaginar  discs — so  that  an  inlcrnal  preparation  is 
nadr  by  a  process  which  ha*  analogies  with  the  dovclop- 
TOL.  XXI. — KKW  sua.  » 
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meat  of  Actinctrocha,  Pilidtam,  and  Eehinoditmu,  iind ' 
niAjr  hive,  had  a  Minewliat  simiUr  arigiD,  The  infoldina:* 
undergo  eo  complex  cliniijfos  mid  bccotnp  so  hi};hlj-  S[iecia1- 
iiod  in  the  insect*  (««  in  Piltdium)  Oml  it  \*  not  ru^y  from 
a  considrrntion  of  ilieir  develojiment  in  this  group  tiXant^  to 
undcTsUnd  how  ihey  nt  first  arow.  But  the  simpttoit}' of  1 
the  process  in  Aclinotrocha  rendera  it  pnesible  (o  Gap]WBe 
thai  the  imnf^na)  ditca  of  imecis  majr  be  the  T«auU  of  the 

tradual  complication  of  simplv  inloldiiigs  of  the  \xtAy  nail, 
ret  acquired,  aa  iii  Actinotrocha,  to   preserve  the  larval 
exK-rna)  form. 

The  (■eoeral  ccncliuiont  to  which  •  itudy  of  theM  pheno-  I 
tnena  of  mvlamorphusia  leads  may  he  (hut  Ktai«d.  Abrupt 
tnetaniorphoiais  has  resulted  from  the  advantage  dvrivcd 
from  the  abbreviation  or  avoidance  of  periods  of  imperfect  I 
adapution.  It  is  eSi-cted  through  acceleration  of  the 
development  of  cortain  portion*  of  the  larval  organism  with 
ri'fcrcncc  to  a  future  adult  sUte,  while  the  remnining 
iKirtioiis  are  upecinlised  to  meet  the  conditions  of  larval  life. 
The  organism  thus  beeomeB  specialised  simultaneously  Jn 
two  divergent  directions,  and  in  such  a  wav  that  the  two 
coursM  of  development  An  not  interfere  with  each  other. 
The  roGiamorphmis  consist*  in  a  sudden  a««umption  of 
funrlioiial  activity  by  the  adult  set  of  slructun-it  and  th» 
simultaneous  cessation  or  transformation  of  activity  in  the 
larval  set.  This  may  be  effected  cither  by  rapidly  absorbing 
Of  bodily  casting  off  the  laivnl  struelurcs  or  by  a  more  or  less 
complete  transformation  of  them  into  adult  structures;  while 
a  greater  or  less  number  of  larval  structures  may  persist 
nearly  nnnltercd  as  the  corresponding  structures  of  the  adult. 
I  gladly  avail  myself  of  this  opportunity  to  make  my 
acknowledgmeijts  to  Dr.  Rrooks  for  his  constant  aid  and 
counsel  both  to  myself  and  to  my  fellow  workeii  at  lbs 
Zoological  Laboraioiy. 

ItAuiXoaCi  Dtem^,  1S80. 
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A  FtJRTnaK  Contkiuutiopi  to  the  Minttr  Anatomt  0/  the 
Okcai"  6/ Jai-ui«'in  in  l/ie.  Gi'tnea-ho.  IJy  K.  Klxin, 
M.D.,  I'.H.S.,  l^iturcr  uti  Hi^Iulugy  and  Eaibryulogy 
in  tbe  Mediml  School  of  St.  Bartholomvw'i  Iloapital. 
{Wiih  PUiw  XVI,  XVU.) 

Id  my  Ual  paper  on  this  subjwt  (thin  Journal,  Jnnitftry, 
1841),  I  htive  given  a  ileiailed  desctiprton  of  the  rulatiuiis 
and  ininiiic  finicluru  of  the  OrgAii  of  Jucoltson  in  the 
Guinea-pig.  Thia  doncription,  although  referring  to  the 
gre'itec  part  of  tbe  Jacobson'*  tiitwa,  did  not  i-m)inice  tho 
n-laiinns  nni)  structure  of  the  anterior  and  posterior  cxiru- 
mity  of  ihcise  orgnns.  Bxtciideil  olwprvatioos  have  placed  me 
in  the  [Kisition  to  give  now  a  dulnilcil  account  also  of  these 
parts  in  tbe  adult  x>>in(*a-piK. 

Jncob«oD,  Gr»lioWt,  l)al<^)i,  Fleischer  and  others,  describe 
thtt  orj;aii  of  Jucobsoa  of  mannnals  sa  o{)«tiii)g  into  the 
duclii*  Stvnuiiiftitiis,  and  in  my  first  pnpvr  on  this  subject 
(thia  .loutnal,  January.  18S1)  I  had  aim  accepted  this  view 
far  the  guini-a-jiig;  but  on  more  careful  examination,  with 
a  view  to  definitely  ascertain  whether  this  be  the  case, 
I  made  the  unexpected  observation  that  ihe  tubos  (organa) 
of  Ja(-nb«on  do  not  open  into  (he  St«noninn  duels  hul  stand 
in  a  free  nnd  open  ci>mmunication  with  the  anit-rior  part  of 
tbe  nasal  cavity,  or  more  correctly  speaking,  with  the  lower 
nnMl  furrow,  that  i»,  the  furrow  along  the  bottom  of  the 
iiaf«l  acplum.  At  is  well  known  tliw  oTgium  of  Jucobt^on 
develop  b>  diverticula  of  iho  front  part  of  the  primary  nai>.ul 
pits.  I^ier  on,  in  the  mammal,  tliey  arc  placed  in  commu- 
nication with  the  Stenonian  canals,  while  their  communicn- 
lion  with  the  nnsal  cavity  is  lost.  But  in  the  adult  guinro- 
]iig  there  is  no  such  rclnlton,  since  the  cuinmunieaiion  with 
tbe  nasal  cavity  pcrsisia,  and  this  opening  of  ihe  tubes  of 
JacobBou  into  the  Utter  will  be  spoken  of  below  as  the 
tnouth  of  the  organ  of  Jacobson.  That  this  pursistenrc  of 
an  open  communication  of  tlic  Jacobson's  organs  with  tha 
nasal  rarity  is  of  great  importance  1  need  hardly  any,  and 
]  would  only  remind  the  render  that  it  is  exactly  tbe  nsiumed 
Dun-exisience  of  such  a  communication  with  ihc  nasal  eavity, 
which  made  it  very  diffieuir  tu  ascriW  to  these  organs  in  the 
mnmnial  a  satisfactory  function  in  conformity  with  their 
rich  supply  with  olfnrtory  nerve  branches  and  with  the  prc- 
cenco  of  lh«r    sensory   epiihelium.     lliis  communicaiioo 
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bring  now  found  in  the  (luintH-pig'  Ihrre  i«  of  rourup  no 
diffil'ull)  nliareveriiiaeriibitig  lo  iliforgait  of  Jj|coh«onin  thU 
•liimul  a  ruiirttou  similar  to  that  of  llie  olfacturj  riucoiib 
membrflne,  bul  probably  of  n  more  dprcitic  nature,  as  1  bav« 
■Iresdy  hinted  at  in  iny  la«i  commHiiirnliou.  Wb^lhcr  in 
oihcr  mamniaU  this  com muuica lion  wiUi  ihe  nu»ul  civity 
pcrsiHU,  will  be  a  subject  to  which  I  soon  hojic  to  dvvut* 
mj'eeir. 

ICxnmining  a  aeries  of  vertical  tranaverse  sections  thr»uf;1i 
ihe  front  pait  of  the  nawil  organ  of  the  ^inea-pij^,  ihc 
organ  having  been  pi^vinuHly  Huttahly  prepnreil  (see  my 
paper  in  ibis  Journal  fnr  January,  1S81),  wp  mw(  with  ap- 
pearaiipi-*  of  the  several  parls,  very  nceuiately  sliown  in  (he 
fignrfis  1  to  C  of  I'lates  XVI  and  XVil. 

Fig.  1  is  a  irnnsTerse  section  ibrongh  ibe  most  anterior 
part  of  the  nnsal  organ.  The  relation  of  ibc  carlilaginuus 
fteptum  to  ihe  lower  lurbinateil  bone,  or  lower  concha  nasalis, 
and  furlber,  of  thtit  to  the  alveolar  piorets  of  the  superior 
maxilla,  are  vpry  well  illuBlrntcd.  the  ilrawin^$  being  all  made 
with  the  wimeta  lucida,  the  relative  pnijioriions  and  siwa 
art!  all  very  arcurately  presrrved.  It  will  he  Wen  in  fig.  1 
that  the  cartilaginous  Kcptiim  nasalc  forms  an  unbroken 
continuity  with  tlic  cartilage  representing  here,  i.e.  in  tho 
front  part  of  the  nasal  organ,  (he  support  of  the  Iowct 
roucha.  This  coulinuity  is  brought  alioui,  on  each  side, 
by  a  curved,  more  or  Ii-h*  Irougb-sbaped  canilngc  plate  ex- 
tending  on  the  inner  surface  of  Ibe  alveoUr  priiccM  of  the 
superior  mnxilU  to  the  angular  piece  of  otriilage  that  forms 
the  support  of  the  lover  concha.  Itut  (bis  conlinuation  it 
more  or  less  broken  as  wu  paaa  a  little  way  backwards 
(see  fig.  2).  Here  we  find  the  alwve-named  curvtd  car- 
tilage plale  more  or  less  Benaratrd  from  the  lower  margin 
of  the  septum  as  well  as  from  ihe  cartilage  piece  of  the 
concha. 

In  mv  fonner  commanicalion  1  have  used  the  term 
■'  concha"  of  the  German  anaiomisls  for  (he  "  turbinated 
hone"  of  Knglish  tfxt  hooks.     I  consider  the  former  term 

Srefersblc,  liecause  it  gives  to  the  organ  a  name  indcpm- 
ent  nf  itM  Kirnclure.     In  our  case,  r.  r.  in  (he  front  part  uf 
ilir*  v  iti  where  thrrc  i«  nn  bonu  roniainrd  in  it  yet, 

il  w,r,  i.^rrect  to  spc»k  of  a  tiirbinalnl  ■  Imne." 

In  fig.  ;l,  *hich  i»  tak«-n  a  liiile  bcbiiiil  fig.  Z,  ilijj  wpa- 
r*''"Ti  ts  complete,  and,  In  addition,  we  find  also  the  cnrti- 

■■•a  in  n  («niik<B  to  aiwH  liUo  foe  (Jie  rabbit  woh  a  fi»t  00«OBiii> 
t  d  Ika  oipA  of  Jaoohaaa  wiU  Uis  oasal  fstHy. 
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la;;eof  tbe  coitctia  reduced  coiitiiJ«ral>ly  in  nxMiK,  bciiift  pow 
fur  ihp  grcstor  pnrt  rciilaccd  by  bone,  with  (lie  ex<viiii(jii  uf 
kit  nbloitg  HuguUr  |iicci',  which  extends  nbove  the  iinao* 
Uctttjmai  iluci  (set!  below  J. 

lo  the  Mctioiis  atill  fuithei  behind  thai  of  which  tig.  3  i« 
I  reprvMnintion  the  individuality  of  the  above  curved  carii' 
Uge  I'Uie  i»  well  ar-aii.  lit  Khap«  Had  relation  lo  the  sefitum 
ate  iiow  tliffeteiit  I'roin  that  bt-ftne.  mentioned,  as  is  iNisily 
udilerstooU  trom  n  reference  lo  tbi^  fig.  'J,  and  it  ii>,  ihi^rr-forr, 
unnccMsiiry  to  ctit«r  into  any  lengthy  aescriplion.  Thi»  curved 
cartilage  plate  is  the  fioni  end  of  the  ciirtila<je  surrounding 
tbe  Jaoobson's  uigan,  1. 0.  the  Jacob»ou's  cartilage,  nnd  as 
such  is  referred  to  in  tbe  figures  at  S.  While  iu  the  part* 
lirlineated  in  li(>«.  I,  H,  and  3  ihe  concave  surface  of  Jacob- 
mu'i  cartilage  it  din-cied  upnrnrdt,  lurniing,  uC  the  ^ame 
lime,  the  bottom  of  the  lownr  na»al  furrow  (mtk  tliv  figure*), 
in  tbe  pans  fmiher  backwards,  sueli  as  are  shown  in  li^s.  4 
and  5,  the  curtilage  becomes  so  changed  that  its  concave 
viiiface  U  dirt-ctvd  vutwards,  while  its  convex  surface  is  in 
clo«e  contact  Miih  tlic  loner  margin  of  tlie  cartilage  of  the 
septum,  but  sepaiated  from  this  latter  by  the  rvs[>e<;livep«ri- 
cbotidriuni  and  a  small  aiuuuni  of  louse  connective  titsue 
with  fat  cells  (t«e  the  figures). 

iVs  i»  also  well  showu  in  tbe  drawings,  tbe  two  extrwmi- 
tinof  JiK^ubsoii's  curtilii)(e,  e»{i(^ci:illy  lh<^  Upper  one,  become 
\ery  bulky  as  we  paas  further  h4ckwanls ;  (see  lig.  H).  Still 
ntore  backwards  the  Jacobsoii's  cartilage  assumes  the  shape 
of  a  more  or  less  complete  cap«ute  around  the  organ  uf 
Jicobson  on  tiach  side,  such  as  1  have  des<:ribcd  and  ^-^nred 
iu  uiy  previouti  memoir,  audfor  tbta  reason  I  need  nut  further 
eiiii-r  into  this  aubjuci. 

Towards  (be  i>i>steriur  extremity  of  Jacohson's  organ  the 
cartilage  so  alters  that  the  lowi-r  part  gntdually  altogether 
ceases,  and  only  tbe  upper  pl(tiigh>»hap(Hl  [turtion  (see  fig.  H 
in  my  former  memoirt  rumaius;  its  channels,  including  tha 
larRe  atri:rent  braiiclies  of  (he  vessels  and  nerve*  of  tbe  organ 
uf  jacobsun  becutne  gradually  eul^igcd,  and  filially  all  traces 
of  the  cartilage  are  iosi.  liuC  tbi*  total  diKappi-arunceof  the 
c-iitilago  of  Jncobfun  occur*  long  before  (be  hind  or  csecal 
exiremiiy  of  the  oiguu  uf  Jacobsou  is  reached,  its  place 
U'ing  taken  by  the  liune  of  the  nasal  crista  ;  see  tig*.  7, 

jViiuiher  point  lo  be  nuliced  iu  ligS'  4,  ti,  and  7  of  the 
present  memoir  is  the  relation  of  the  upper  maxilla,  or,  muie 
correctly  spe-ikin):,  of  (hu  na%al  crista,  to  tbe  Jacot>son'a 
C^TtiUgo.  itr^inning  wilb  a  pari  illustrated  iu  tig.  4  wesee 
H(   11    the  fir»t  indication  of  the  nasal  cxistn  ol  the  upper 
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mnxilU,  in  the  chape  of  &  thin  titniMta  of  bDn?,  extending 
iilong  the  convex  suiface  of  Jacobson's  runilnge.  It  •nun 
become*  very  connpicuotis,  covcriiig  not  only  ihe  convex 
surfnov  of  the  caitilage,  hut  gradually  emliTacing  the  greater 
part  of  Ihe  circmiifereiice  of  ihe  orgun  of  Jacobaflii,  as  f hown 
in  figs.  1  and  2  of  tny  paper  in  the  January  number  of  tliia 
Journal.  In  the  pofti-iior  portion  of  the  organ  of  Jacohaon, 
via.  where  the  cartilage  of  Janohann  ts  wanting,  an  haa  been 
just  mentiooed,  the  former,  i.  e.  the  organ  of  Jacobson,  ie 
entirely  enclosed  iu  the  osseous  auhgtance  of  the  Diianl  criflta, 
as  if  sliown  in  fig.  ^  of  the  pmrnt  memoir. 

In  fii(ft.  1,2,  and  3,  J.  e.  in  tht?  anterior  portion  of  the  nasal 
organ,  the  lower  na»«l  furrow  (i)  is  lined  wiih  colunnmr 
ciliaieil  epithelium,  like  that  of  the  septum  ;  it  hn*  been 
minutely  tlescnhcd  iu  my  former  memoir,  and  neml  not, 
therefore,  be  referred  to  here  any  further.  The  very  bultum 
of  the  furrow,  however,  is  lined  with  stratified  navement 
epithelium,  of  which  the  supertirial  layers  consist  of  sqnnioue 
epitbeliul  eelld,  each  porsfiMiing  a  ilailrneil  nucleii*.  In  iha 
pri  iMriiiions  from  which  thv  above  fi^ni'es  «ru  taken  these 
super&eial  layer*  are  more  or  U's»  luuselv  attached  (o  the 
rest  of  the  epithelium,  hence  ap{>i-ar  a*  if  dcbqunmating. 
The  slraiilied  epithelium,  as  a  whole,  is  stained  very  much 
deeper  in  those  preparations  than  the  columnar  epithelium, 
and  is  ihetefore  very  conspicnouit  in  the  drawiiign. 

^uch  is  the  stale  of  the  epithelium  at  the  iNiltom  of  lh« 
furrow  iu  the  front  pari  (ligs.  I,  2,  aud  3).  llut,  going 
further  lMic)(,we  find  that  this  part  of  the  furrow,  viz.  ihcuite 
lined  with  xtrutified  pavement  epithelium  change*  iL«  f.osi- 
tion,  inasmuch  as  it  doea  not  now  occupy  the  very  bottom  of 
the  furrow,  but  gradually  extends  inwards  and  upwards 
toward*  the  concave  surftce  of  the  Jacobson's  csTiilsge.  An 
iiiS[M:cticHi  of  figs.  4  anil  5  will  make  this  easily  undrrsiwid. 
At  la  iu  these  figures  the  changed  pnHJtion  of  the  pari 
covered  with  slTatilied  pnvenient  epilhi-lium  is  well  s«'en. 

Now,  this  pit,  viz.  marked  1^,  is  the  commeiicempnl  of 
the  uigun  nr  tulu'  n(  JarobFon,  or,  more  coTTeeily  «|H-»kiuu, 
the  anterior  ojreuinguf  thin  latter  tnio  Ihr  naral  furruw  -,  we 
shall  call  it  (he  mouth  iif  jHcobsuu'*  organ.  Its  diameter  is 
about  O-aa  mm.,  not  in'luiling  the  lining  ipitbeUum,  whose 
lliieknrsi  is  alimit  0-0.17  mm. 

A  little  way   furlher   hnrk    (see  fig.  6)  we  meet  already 

I  «ilh  the  »ell-fornie<t  tube  of  .lorul>»<>n,  nnil  we  vtill  n-cog-  ! 

vise  here  the  sttntiHed  (Mveiiient  epilhrliuni,(ireiipviML't  *> 

must  Im  cxpt'cletl  lri>m  Mh«t  has  been  oaiil  beti're,  llio  upicrj 

part  of  the  i»t)c;  the  lower  jiart  is  Ituei)  with  L-ulumnar] 
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aliairci  vpithrlitim,  like  thai  of  the  nstal  furrow.  A  liiile 
furtlier  liNvk  l1)t)  epiliicliuin  lining  tUi:  tube  is  uiiirurm  uii 
all  sides,  beinff  ciliated  culumiiAr  epiilit-liiiin,  audi  ilk  liiia 
be«n  minutely  deKtibed  in  tnj  former  yiaper  as  Untii|t  tint 
Ulrrnl  nail  uf  thr  organ  of  Jitculwuti. 

Still  fuitliiir  back  (see  fig,  C)  we  inecc  with  this  impor- 
UWt  alleiation  in  the  epiltielium,  that  thv  mt^iltan  wall  is 
liued  with  the  thick  sensory  epithelium  minutely  dusctibeit 
in  my  fint  ikaper.  The  tube,  at>  a  whole,  has  not,  however, 
got  ytM  its  characteristic  sha|M:,  i.  e.  so  coinpreweil  from  side  to 
aide, that  iia  lumen  is  kidney  shaped  in  transverse  section  (si!« 
figs.  1  iind  £  in  my  first  paper) ;  this  shajw  is,  however, 
soon  obtained,  anil  the  organ  retains  it  to  near  its  |ioi<(enor 
extremity.  I]<'for«  this,  bunerer,  is  reached  the  tlirectinn 
of  the  lumen,  and  coDsequenil}  of  the  walls,  is  more  or  lets 
ohlii|ac  and  slanting  downw.trds  and  inwards.  In  this 
obli({u«  position  we  find  chiefly  the  epithulium  and  ihc 
cavemouK  layer. 

As  rettanla  the  structure  of  the  wall  of  t]ie  tube  of 
JacobsoQ  in  its  commencement,  it  is  similar  (o  that  of  the 
nasal  furrow,  vis.  the  subepithelial  nierubraiie  is  connective 
tissue  inliliraled  nilh  numerous  hniph -corpuscles,  and 
resrmbling  mure  or  li>»  ilitTuEi?  adenoid  tissue. 

Already  at  the  mouth  uf  JiiirolMon'*  tube  (IS  in  figs.  4 
aud  S)  we  find  large  veins  forming  a  ph-xna  and  rcpie- 
•eatin^  the  rudiment  of  the  cavernous  tissue  described  in 
my  first  paper.  Tiiii>  plexus  becomes  more  developed  a»  wi' 
paaa  backwards,  and  frum  its  firi«t  appeiirnncr,  i. '--.  at  the 
tnuuth  of  Jacobaon's  organ,  to  the  po^tnrior  exiremiiy  of 
this  (see  below),  does  not  encroach  on  the  nKdian  wall,  i.*. 
the  wall  nearest  the  septum.  In  the  parts  from  which  fig.  G  is 
ukon,  but  not  furlhrr  in  front,  we  find  between  the  vesaels 
of  the  cavernutiH  ii«iiiiv  already  bundles  of  nun-siriped  muf 
cular  tissue. 

I^nngiliidinal  sections  through  the  organ  of  Jncobson  prove 
that  a  coiisidtrrable  |>OAlrrtor  portion  is  wilhaut  any  caiti- 
lage,  and  is  enclosed  aliugotber  in  the  hone  of  the  crista 
Dasalii,  as  nieniioned  above. 

The  posterior  CiTcal  extremity  of  the  organ  is  slightly 
curved  inwarda  and  upwards;  il  U  smaller  in  diameter  than 
ihe  rest  of  the  ur^an  ;  its  lumen  ia  circular  in  cross  section. 
The  median  nail  of  this  extremity  is  not  lined  with  any 
aeru«ry  epilhi-liiim,  this  having  previously  siiildonly  conx' 
to  ail  ppd  ;  wv  fiml  here  evcrywheie  only  eoliimtinr  epithe- 
lium, limitar  to  that  of  tlif  lateral  wall  uf  the  pri-<:ediDg  pans. 
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In  my  first  pnppr  T  hnvv  shown  that  tlio  layer  of  (sptoim) 
Clsnds  i*  fitualnl  uuujile  llin  rav«riioua  iityf^r,  ami  pstciii)> 
in  the  Itttcral  wall  from  ilie  lower  sulcus  tv  the  tipiMT  sulcus, 
liut  its  bulk  lies  slwut  the  lower  Bulcuii,  into  whicli  ihe  duds 
chiefly  open  (sec  Hgf.  I  nml  ^  of  my  former  pdpur).  As  we 
iMES  bncKWHttls,  hut  Ion;;  before  the  extremity  of  the  organ 
IS  rraclieil,  ne  find  the  area  in  which  the  ftUnda  extend 
runsiilerably  increased,  for  mnny  glands  are  no**  found  hI&o 
alMut  the  ui>p<^i  kiiIcuk,  and  ihcir  ditcis  o|M!u  itiio  this  Initcr. 
In  the  poll  whicii  we  ju»t  Iwfore  deicriiwd  oa  lh<*  poaiF> 
rior  fxlremily,  viz.  ilie  narrow  hind  part  with  thec;lindrical 
lumen,  and  without  any  sensory  epithelium  on  the  median 
wall,  we  find  th«  Inyer  of  glamls  fonniiig  a  complKle  itive>t- 
meiil  uni)  occupying  almost  (lie  whole  periphery  of  the  oq^aa 
{«e«fig.7). 

Another  diffrrencv  between  the  posterior  section  of  tha 
OT^aii  and  the  rrtt  lies  in  the  change  tho  cavpriioua  tissua 
undergoes  in  that  rxtiemity.  Ai  ia  shown  in  fig.  7,  iu 
posiiiuu  is  not  ihp  same  that  it  was  bi-fure  (eomfare  figa.  I 
and  a  of  my  first  memoir),  viz.  occupying  the  lateral  wall 
only,  for,  oning  to  the  altered  position  of  (he  lumen— this 
latter  Ixnng  not  Tertically  but  obliquely  placvd^thc  en- , 
vernous  tissue  now  gccupiea  the  lower  wall.  At  tlie  aame 
time  the  numbrr  of  vessels  and  the  amount  of  non-siriped 
tnuBcte  tissue  atr  grraily  tucicMed.  although  the  iridividtia) 
tmmIs  ar«  nut  of  so  large  a  Hiec  •■  in  prrcediug  portions  of  ^ 
the  orgKu. 

The  plexus  of  non'Striped  muHular  tissue  forming  (be 
matrix  of  tlic  cavernous  layer  is  best  dovelo[trd  in  (he  cxtre- 1 
mily  iiKelf,  and,  together  with  the  plexus  of  veins  of  (lie 
cavernous  layer  and  the  gland  layer  uuitide,  extends  for 
some  little  distance  behind  the  cwcal  end.  In  lorgitudinnl 
sections  comprising  the  pnnlriiur  |K>rliuD  uf  the  oigan  of 
Jacolnwin,  iheM?  plrxuus  of  )>iindle>  of  noti-sirijH-d  mu«.'tilar 
cells,  and  of  vein*  between  (hem,  is  very  linely  sren. 

The  tube  which  I  described  imd  figun-d  in  fijj.  I'  in  my 
firal   memoir  was     there    nitmefl    the    "  accessory  ifrgan  of 
Jacohson."     Itut  this  is  Ihe  DasO'lafhrymHl  dun;  ihtK  nanj 
enggeslcd  to  me  ihtough  ilie  kindness  of  I>r.  Allen  Thom- 
son, by  Priif.  Kulliker_.  of  Wliizhiirg,  and  on  eiireful  dis*ec-| 
tion  I  have  convinced  mynelf  that  this  t*  n-allv  ihr  ciiro. 

It  extf'nils  nnteriurlv  am)   posierinrly  cDDsiilernldy  hevond] 

llio  region  of  the  organ  of  Jaco)i«on.     AnTeriorly  the  na*o-| 

I  In  ihe  leil,  i>.  IlK.  11  u  tntuicoiuU  referred  to  m  "at  6  la  !<■  )■" 
fl  ikiuld  tnui  'Ul  9  iu  tg.  1." 
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larhryma)  tlucU  aie  met  wilh,  in  veilical  Itansvpr.ie  M-ctions 
thT<><)g))  the  iiB«i«l  oT^iiij,  Rome  tlUliince  in  I'loiii  of  Javul)- 
MMi's  orgapK,  •If  niiiiui<t  iuLmi,  iit  the  sunip  position  and  of 
tbtt  MUM  uuunt  as  deacribeil  in  my  ('KSt  lucniutr,  m 
will  be  Msiljr  undersUKKi  on  CDnipating  th«  Azures  1,  ^,  3, 
■  ud  4  accotnpunying  chv  pn-^vnt  pai>vr.  Alw  bu-kwards 
for  a  vrTV  long  diaiaiice  iNiyoiid  <he  Trgion  nf  ch<!  organ  of 
Jacobftoti  about  10 — IS!  mm.^  the  naso-laclirjrital  diicu 
letain  tbe  Fsme  )wsilion,  viz.  bi'liv<'en  the  uaital  furrgir  and 
the  alveolar  proc(-««  of  Ibv  upjwr  niiixilla.  A*  I  mentioned 
in  mj  timt  [>upt-i',  ibis  duct  is  sli)(titty  tlatu-ncd  from  Kidv  to 
side,  and  the  diameter  enlarges  Doueiderably  poaleriutly ;  in 
thv  region  of  the  hind  vxuetniiy  of  the  organ  of  Jacobsua 
Ihp  dianiiitertf  of  the  iinttu-IaohTjinal  duct  (d  in  6^.  1)  are 
tll»r: 

nnritnntat  IruuvmedfaoKtcror  tk«  wlioleduct  .  I'Ol  mm. 

ViTlicd  tnuMverMditnutn  „  „  .  .  i-3l  mn. 

Bnituatal  IratttTorac  dunielef  of  the  luluta         .  .  0'€l)  uin. 

Vfiliul  „  1.  „      .        .  .  101  inui. 

TartiMl  (lliidkncas)  diameter  of  Ibtf  luvMwaU    .  .  0^S7o  nun. 

Vcflital  (lliklnMil  diHiiKl«T  of  the  upptr  amll  .  1 01  aiiii. 

Behind  the  region  of  the  organ  of  JacoUnii  the  naao- 
InL-liiyninl  diicta  increase  buII  more  in  dtaiufter,  the  tninB- 
TOFm:  diameter  of  the  lumen  nlone  amoiuititig  iu  the 
bruadesl  part  of  thv  tulio  to  \l2i  mm.;  they  become  at 
llie  tumv  time  cylindrical,  i.e.  lea*  flattened  from  side  to 
aide-  As  regards  the  struclnre  of  tbe  naso- lachrymal  duct 
]  have  little  to  add  to  my  previon*  description  as  far  as  that 
part  is  concerned,  that  ln-lun^  to  tbe  ti-gion  of  the  organ  of 
iacobsoi).  In  tbe  whole  exieni  of  the  duct  1  find  in  close 
proximity  to  the  epUhclitini  lining  the  inK'rior  of  the  duct, 
and  drscrihed  minutely  iti  my  ftr«t  mrmuir,  hut  separatvd 
frant  it  (epitticlium)  by  a  ihin  fihroiiit  Uyer,  ■'.  e.  the  subepi- 
ihelial  tibron*  Uyi-r,  a  [liexus  of  large  vein»,  most  of  these 
running  a  longitudinal  course.  Tlie  nail  of  thene  veins  is 
rxovediogly  tliiii  and  api>ears  to  oonsist  almost  entindy  of 
the  i^ndothelial  membrane  lining  the  lumen.  Had  I  not 
fteen  the  Idood  cupillnnPH  in  connection  with  them,  and  had  I 
not  foiitid  Ktinic  of  thitm  containing bluod,  I  might  en^ily  have 
mistaken  thi-m  for  lymidiatics.  This  plexus,  which  1  will 
call  tbe  "subepithelial  venous  plexus,"  is  ivetl  seen  n  the 
region  uf  ibc  )io<tcrior  extremity  of  the  organ  of  Jacolisou  (see 
figs.  9,  IQ);  it  rciudM'S  iu  greatest  devetopnient  in  the  rogiun 
behind  tlie  organ  of  Jacobson.  In  fig.  7  it  ia  al*o  nolic4-d 
that  the  n-st  nf  ibe  nA\  of  the  naso-lHchTVmal  duct  is  miuh; 
up  uf  a  very  louse  lihtuus  connective  tit«ue ;  the  thickness  uf 
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th«  frail  is  giMlMt  in  an  u)>ward  anii  Oownwanl  Torlirnl 
ilireolion.       Scailtreii    lyin{ih-<-or))uscles  and    more   or   1«m^ 
wt^  11  •defined  acciitiHiUtions  of  theni,  i.e.  tri]<>  lymph- follicles, 
KT«  in€t  with  in  ihi'  u(>pirr  wall  of  the  duct  cloa*  to  ihe 
e[Mt)ivlitini  (»rL>  fig».  7  and  9). 

Henle'    ai«nlionB  in  the  lower   portion  of  the   bumanj 
n8so>liicbrymBl  duct«  the  richness  of  its  wall  in  l^mpliatie 
ti»«uc  and  in  a  caveriions  titi*u«,  ihi*  Inttc-r  being  a  con- 
tinuation of  the  cavornous  tiH.Hue  of  the  lower  nasal  concha. 

In  fi^-S  I  have  given  an  accurate  repietenlatinnof  the  wall 
of  ihc  naso-lachrymal  duct,  and  it  will  be  here  seen  that 
the  Btriiiificd  columnar  cpitbellunt,  with  the  vancular  io- 
tiaepiihflial  vesicles  or  caviiica,  the  subefntlieltul  flUroiia 
laj^er.  and  the  subepithelial  venous  plexus  are  well  marked. 

I  canuot  ascertain  whether  the  superficial  cells  bear  cilia 
or  not.     In. my  lust  pnppr  I  have  ^ven  «rvrrnl  reasons  why, 
1  think  that  they  are  ciliirird  hut  1  hiive  not  been  able  to  g- 1 
furtberin  i his  matter.  Hciile' maintains  that  in  man  theej)!*] 
tbelium  lining  the  duct  is  simple  columnar  ciliated  epilheliut 
ns  against  R.  Maier,'  who  describes  it  as  stratified  columnaej 
uva-ciUat«d  c)»ithelium. 

Tb«  tiickncM  of  tke  epilheLum  is  ha*  aboat  O-MS,  Iho  UiiekuM* 
tli«  sub^epiibntial  Gbrous  U}cr  ia  Q-Oia — D^IO  atm,  aad  ihf  disnwter  i 
tke  reias  of  liie  ial>-epUliel«l  plci«*  a  bctveea  OttSS  and  Oii\  mm. 


The  rcct   of  the   wall  of  the  duct,  in   fig.  8,  ahow*  an 
artery  ascending  towards  (he  internal  surface  and  connected] 
at  its  capillary  end  with  a  Umph-rollicle. 

The  lymph-fullicle.  wfaich  1  ilescribed  tnil  figmed  in  fig,  1 
of  tny  first  memoir,  is  not  in  reality  a  solitary  follicle  but 
ia  one  of  a  patch  of  lymph-follicle^  extending  in  a  longitu- 
dinal ilinTiion,  anil  therefore  seen  in  tlie  figure  in  trans- 
verse section.  Besides  these  follirles  1  find  one  targe  patch 
of  I Tnipli- follicles  nn  e^ch  side  of,  and  close  lo  the  epithe- 
lium lining  the  lairral  nnl)  of  the  lower  nasal  furrow  a 
lilile  bfbinil  thi^  region  of  the  organ  of  Jacobson.  The  long 
diameter  of  this  patch,  1.0.  anterio-pmieriorlyi  ts  about 
8'4  mm.,  ihe  tbicaness  diameter,  i.e.  from  side  to  side  ia 
about  0-46  mm,  llie  indiviiluai  follicles  of  the  patch  are 
•pheriral,  clnsrly  placed  sidti  by  wide,  and  in  some  places 
tdeir  outlines  are  indistinct ;  the  diameter  of  the  largeatJ 
folliclfsiE  about  0"5— 045  mm. 

Uuih  the  upper  anil  lower  wall  of  lh«  iluct  contains  a 
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fitStBUti)-  WATT  DOil  more  oi  less  convoluteil  arti^rinl  rcwcl* 
eouneeted  «ri(b  onfi  fliioth«;  in  fig.  7  thej'  are  sveii  vut  in 
vknucn  diirctimi*.  Thv  CApillnrips  procoeiliD!*  from  these 
•rtme*  arc  coouined  in  llu-  Mutirpillirliitl  fihroii*  Ujrer 
•hate  nirnliaard,  uiJ  some  of  tlitr  copill.ineft  entt^r  tlie  in- 
menitlieliill  epaces  dpEcribed  in  my  first  meiiioir.  Tlic! 
capillaries  lea<i  into  ihc  subrpiihi-linl  vmoii^  plexus,  and 
■mall  veins  mme  out  fnim  this  plexus  and  pa.is  into  tlio 
oaUr  portioo  of  the  wal)  of  Ike  naso^lacbryiual  duct. 

In  the  embryo  guinea-pig  that  I  have  examineil  hitherto, 
■t  a  line  when  the  orgHn  of  Jacobsun  is  well  devt^luped,  nlso 
the  aaM>-UchrTinaI  diictn  arc  distinctly  visible,  hcari<)){  tha 
same  pDiili»n  and  rt-Utiun  to  the  Kuiniuiidiug  jrarls  as  in  iLe 
■dult  animal. 

An  embrvo  stiinea-pi^,  whose  total  length  from  vertex  of 
the  bead  to  ine  tail  wis  4  centtm^trt^  while  the  long 
diameter  of  ihe  head,  i.  r.  from  the  tip  of  tbr  DO«e  to  the 
orriput  na»  it  Nntim^lies,  ha*  )>een  tliL-  material  from  which 
1  have  made  vrrlical  tranaireise  seeliona  through  the  naviil 
organ.  In  a  seeliuu  ihrouxh  the  anli-rior  paria,  containing 
thi*  Jacubfton's  or;^an  as  cliMed  tubes,  it  is  nuticeil  that  ihe 
rartilage  of  Jaroh^nn  forms  almnst  a  complete  capsule  round 
the  arcan  of  Jacohwin,  the  litteml  and  invdiiin  wall  of  the 
latter  iM-ing  easily  distitiguishahle.  Sections  made  of  parts 
>  little  further  back  show  ihe  cariilntfe  capsule  of  JucohMn) 
open  on  the  upper  part,  so  as  to  allow  lh«  entrance  of  the 
nervous  and  vatcuUr  hinnchc^;  thti  inner  or  median  la* 
mella  of  (he  capsule  ia  at  the  saint-  time  much  higher  than 
Ihe  outer  one,  and  in  this  slate  the  vhnpe  of  ihe  cartilngo 
T«*enbWa  very  much  that  of  the  ndult  rabbit,  04  1  shall 
liavc  soon  an  opportunity  of  showing. 

Tbe  n-Uliuns  uf  Jacohson's  cartilage  to  the  nasal  septum 
in  iho  front  part  of  the  nasal  organ  and  the  opening  of  the 
anterior  extremity  of  thv  ort-an  of  Jacobson  iulo  the  nas^l 
furrow,  are  cxaclly  the  *nnie  in  tliia  embryo  ns  described 
ahuve  of  ihc  adult  iiniinal.  Tht-ie  is,  however,  this  in- 
teresting uiudiiion  of  (he  lower  nnsnl  furrow  tliroughuiit 
ihe  front  part  of  the  na«nl  organ,  viz.  that  the  funow  itself 
is  not  formed  yet,  but  thr  sirutifii-d  epithelium  lining 
the  median  and  lateral  wall  of  the  st:piuin  is  fused  into 
one  solid  niembmne.  But  there  aie  smaller  or  Urgi-r 
cnviliea  ti'ihle  iti  ihts  membrane;  by  c-onflnetice  of  ihe>io 
al>iu|i  a  d*.'tiiiite  niidtlle  plane  (ho  fiiriuiv  becomes  giaduatly 
eatalitishcd. 

The  ahupc  and  relation  of  the  naao< lachrymal  ducts  to  the 
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CBrtiUfic  of  tlir  conrhii  and  to  th«  iipp^r  mnxilU  U  the  samfl 
IM  ill  the  adult  atiiiiia).  Tliv  trjiiiliL-lium  lining  it  ixiilraliEi-t] 
epithelium  composed  of  a  deep  Uyer  of  roluiniiat  ce\\»,  and 
inside  thnv  are  a  ^ood  innity  layers  of  polyhedral  cells. 

In  tlie  fntbt  part  ilie  lumen  of  tlie  duct  is  not  at  all  dii 
tiiiet;  in  ihe  poatenor  portion  of  tlie  duct  thti  lumen  bticomc* 
very  conspicuous,  and  the  epithelium  resembles,  in  all 
respects,  straiitit-d  pavement  epilholium,  the  superficial  cells 
beitif^,  however,  not  much  l)■tt^■nr4l. 

I  measured  the  thickness  of  the  epithelium  lining  tht 
naso-)*chryninl  duct  in  (hit  embryo,  and  I  find  it  In  be  about 
0-06S  mm.,  tin-  lumen  of  the  duct  lieingO  22— 00^  mm.  la 
m  p«rt  behind  the  region  of  the  orj^an  of  JacohHon  the  lliick- 
TiesH  of  the  epithelium  is  smaller,  being  O'Uot!,  while  iliej 
lumen  is  0*12  mm. 

For  the  sake  of  completeness  I  append  here  a  few  point 
concerning  the  structure  of  the  Slenonian  duets,  which,  an 
is  well  known,  pass  clotely  Hide  by  sidC)  and  in  the  mediaal 
line,  from  tJio  nasal  to  the  oral  cavity. 

In  the  adult  guinea-pig  the  nasal  extremity  of  vach  of 
ihfTO  ducts  is  sn  oblong  cleft  lined  with  a  conunuation  of 
Ihe  mucous  membrane  of  Ihe  lower  nhsal  furrow  ;  the  e»ithe<j 
lium  is  ciliated  columnar  epiltn^lium,  and  underneath  thil 
is  a  membrane  very  vuneular  and  infiltrated  with  lymph* 
corpu»cles.  There  are  no  secreting  glands,  mucous  or  other, 
visible  in  this  part,  and  the  mucous  membrane  is  Jn  imme- 
diate contact  with  tbe  bone  of  thr  palate. 

As  the  ducU  apprttach  tbe  oral  cavity,  hut  while  ttil)  is 
the  bone  of  the  palate,  they  become  much  tmalli'r,  hut  in  a 
IransverM!  section  are  still  eleft-like,  and  lined  with  strati- 
fird  paveineiii  epithilium,  whoM  superficiBi  cell*  are  piilr- 
Iiedral.  Having  pUHxcd  tbe  Ixme  and  uppruai^hing  the  orul 
cavity,  the  ducts  become  mill  smaller,  they  remain  cleft- 
likc,aud  are  lined  with  stratified  p«Tement  epithelium,  wbnse 
superficial  cells  are  as  much  flaiteiivd  as  tho^cuftlie  paUlin*  , 
mucous  membriinc.  The  mucoHa  underneath  theepithRlium 
of  the  ducts  is  deiiKe  fibraus  tissue,  and  tbere  are  iudicaitons 
of  minute  papillae.  TItrre  is  now  already  to  be  seen  a  Irare 
of  the  Sti'iioniau  cartilage  in  tbe  jieriphery  of  tbe  wall  of 
Ihe  ducts. 

Still  nearer  towards  the  oral  cAnty,  while  the  ducts  eulat 
in  diameiei,  and  while  ibeir  sliape  uecomeg  mnre  cyliudrica 
tbr  above  rudiment  of  the  cartilage  forms  now  (or  each  duct  i 
curved  plnle,  oemidrculnr  in  tninsTerMi  aeelion,  nbnts  oun^ 
care  aurfiUM:  vmbtMcs  llie  oul«r  part  of  ibe  wall  uf  thu  ducU 
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Tho  two  ducU  beinfc  close  side  by  side,  it  fnltnivs  ibat  (he 
t"ro  semilunar  carlita^fi^s  meet  nl  tlicir  uxlreniili*?",  nn<\  ilnix 
form  nearly  a  cumplftc  capnule  for  ihi-  two  ducts  (»ec  li|{ur«s 
9  and  10).  T)ii-r<-  in  a  wmuller  or  larger  H|>pareuU]r  isolated 
itodule  ofcattilnge  found  between  the  two  ducU. 

Just  before  the  ducts  open  into  the  oral  civitjr  the  lumen 
becomes  a  little  small<-r,G\lindric«l,  and  then!  are  here  well* 
dcvflopnl  pitpillse.  Much  Ait  those  of  the  nalaline  nniams 
mtftnbTane.  The  Sienonian  carlilages  have  oeconie  conHucnt 
with  their  exlremiiies,  and  prcseDt  thrm«r)r»s  now  in  tTanx- 
Terse  section  as  «  l»caulifnl  livart-^hnped  eapftulo,  in  each  of 
whose  ca*itie*  lie*  one  of  the  ducu,  the  apex  of  the  henit 
bwing  ilirt!Cted  forwariis,  the  notch  backwards  (see  fig.  10). 
In  counectioa  with  the  apex  one  or  more  smiill  pieces  of 
cartilage  are  seen  extending  into  ihc  tissue  separating  the 
two  duels. 

Ax  regards  its  structure,  the  Stenonian  cartilage  difTi-ri 
widely  from  that  of  the  cartilage  of  the  niisiil  fcpuiai  and  of 
Jacobson's  cartilage,  the  Stenonian  caniiag"  being  elastic 
cartilagv,  i. «.  den»c  network*  of  elastic  6briU,  forming  a 
»OTt  of  capsule  around  the  individual  cartilage  cells.  These 
latter  are  remarkable  for  being  identical  in  ap)>eitrance  with 
well-fQimed  rat-cells.  Of  ihe  cartilage  of  the  septum  I 
have  aientioned,  in  my  lirsl  pnpi-r,  llnil  in  many  phiccs  the 
cartiliigcK'rlls  are  filled  with  numliers  of  mtnuie  fat  ghilnile*, 
an  appearance  wt^ll  known  of  some  other  hyaline  cartilagos; 
but  nere,  i.  e.  in  the  Stenonian  cartilages,  we  find  each  car- 
tilage cell  filled  with  one  large  oil  globule,  ttcing  elastic  or 
TClicular  cartilage  there  is,  thm,  a  great  similatily  brlwcen 
the  Stenonian  cartilage  of  the  guinea-pig  and  the  cariihtgc 
of  the  epiglottis  of  some  animal*  (ralihit,  eat,  dog),  where 
the  cells  are  likewise  Iransfornicd  into  fat-cells. 

According  to  Balogh',  the  Stenonian  cartilage  in  the 
sheep  is  hyaline,  and  the  i-pithelium  lining  the  duct,  speak- 
ing of  the  Stenonian  duct  only  as  silaatrd  in  (he  mucous 
membrane  of  the  palatum  durum,  is  stratified  and  conpoced 
of  fliitlrnrd  and  more  or  less  hexagonal  cells. 

Kolliki-r'  found,  in  the  adult  human  subject,  the  dnct 
lined  wiih  ciliated  columnar  epithelium.  Koth  Balogh,  fur 
the  Stenonian  duct  of  the  sheep,  and  Kiillikcr,  for  that  of 
0)an,  mention  mucous  glands  erabciltled  in  the  wall  of  tlio 
iluct  and  opening  into  its  lumen. 

In  the  guinea-pig  I  hare  searched  tn  vain  for  these  glands; 

■  L.  c  p.  456. 
*  L.  c,  p.  7. 
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except  an  occnsi on al  fold-likounL'veiincMr,  I  cbddoI  find  any-i 
tiling  of  glntiil*. 

The  nMunirnnenU  wbieh  I  a>ai)«  of  IntuTcne  Mctioiu  Ikrongb 
fitenoniu  dndi  in  Ibe  guinM-pig  we  thew : 

d.  Veu  llieir  ewal  opening-: 

ADleno-potUrior  truiirene  diewettr. 
TntuWM  diMneter  from  *id«  to  tide 
Tnnvcrae  diuneter  of  liim«a 
TtainkacM  ol  eptthelium  (oolamn  eili*l«d) 
i.  H'bik  in  tlie  bone  of  Ibe  peWe : 

Anlerio-pmtenor  (nntTeno  lUameler. 
TniiiATfntc  iluinnlrr  fion  tide  to  eidd 
1'raniircne  dutmcter  of  laaini 
Thickntes  of  epillwliuni  (column  oilikled) 

e.  DMinic  {MUMd  Ibe  bone  of  ibe  pdnte ; 

Anlcio-pMlemr  tnuMTene  diMDrter.       ,    1-135  Mm. 

Trenanme  dkmcter  from  side  Ui  Mde .        .    D*!476— O-tt  wa.^ 

Tnneverae  diameter  ol  lumea  .    fl'll2&  M.01. 

'niicluieMorepitl)di«m(atnliSc(lpaTcBent)    01Ht7a — (W>B  mat. 

d.  Fnrtber  lo«vd*  llie  oral  vuilj,  but  Mirroiuided  ieteralljr  bj  tke  Moi* 

loMT  StcDoniu  oartibftt : 

ABteno*pciiterior  (nniTcne  dttmeter. 

Tnaanmt  dlvaHer  from  *iilr  to  aide . 

TreniTrne  diRmcUr  of  lumen 

ThiciineHorepitbtliiim  (slntiGed  peTcment) 

TbkiDeeB  of  the  «utilige  .... 

Shiovti  ooMDeotiBg  tlie  ivo  extfemiliet  of 

llic  Mni-liuwr  culiUjie 

«.  Heer  Ui*  omI  nslremitj,   Ibe  daet  btini;  now  ejliadriotl  ml  ihm\ 

StMwnian  catlilaxe  U  Ibe  two  duoU  fused  into  a  heart*  th<tpc4' 

Wpenle: 

Tranmfse  dtuDeter 0-G{l— 07 1 

Lvmca .    0-Sfi  bmo. 

nidnoet  of  etnliScd  pnTcenent  fplbdimn     OiMt  Btm. 

ThickiieH  of  cuiikge^  lelcnUj  .        .        .    0-U— O-IB  am. 

In  all  these  tDr>asur<Mncnts  it  mutt  be  nmlcrdtood  that  the 
traiisTOTM<li«m«t<!i»,  i.e.  ihe  iitit«tio-(K>»Ierior  a.s  well  as  that 
from  t'lAe  to  side,  coropiise  Ibe  liiinen  and  the  lioiiiK  epitlie- 
Itum  only,  the  fibrous  cont  forming  the  proper  wall  of  the 
ducts  oot  being  included. 


1-01  m«. 
0  Ot— VX3  nn. 
0  49a  mm. 
aOS -0-007  Km 
D-t  1—013  Diin. 

1-35  nm. 
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HisTOLOoicAi.  NoTBs.    By  E.  Ki.eis,  M.D.,  F.R.S. 

T.  KxAMmtNO  sections  thiDUfih  the  kidney,  hardened  in 
meUiytated  slcoliol,  uf  [he  white  mouK,  I  uoticdd  (h»t  the 
epithelium  lining  th«  fir«t  portion  uf  the  convoluted  tubulin, 
i.e.  the  wtv.  following  the  Malpighixu  corpuscle,  is  ciiuitivi, 
in  some  inatancea  for  a  longur,  in  others  for  a  shorter  dis- 
tance, the  cilia  being,  of  course,  on  the  side  facing  the  lumen 
of  the  lubole.  The  epithelium  lining  the  cajtsule  of  the 
Mplpighiun  corpu«cl«  neareiit  to  the  neck  of  the  tubule,  for 
about  a  third  or  fourth  of  the  circumference  of  the  capsule, 
t«  composed  of  polyhedral  or  short  columnar  crils,  idenliml 
in  appearance  with  those  of  the  convoluted  tubule,  the  re- 
mainder of  the  capsule  being  lined  with  flattened  squamous 
cells,  coWDionly  found  lining  liiu  whole  cnpsulv  of  the  tlol- 
pighian  corpuscle  in  other  niaramals  and  man. 

In  »ome  instances,  al^o  these  polyhedral  or  columnar 
cells  of  the  capsule  are  possessed  of  cilia.  These  cilia  are 
vitible  only  in  relatircly  few  convoluted  (uhulcs,  and,  na 
mentioned  nbove,  in  porliotu  lliat  are  nearest  to  the  Mai* 
pighinn  corpuiclrs. 

The  cells  to  whom  these  cilia  belong  show,  in  some  in- 
tunces,  Ueidenhain'a  rod-like  structures  to  the  outer  por- 
tion of  their  substance,  in  other  instances  they,  vis.  tho  rod- 
like  structure*,  are  not  well  shown,  and  oltll  in  others,  they 
extend  more  or  leBs  distinctly  through  the  whole  cell  sub-- 
■tanee. 

The  cells  themselves  are  polyhedral  or  short  columnar, 
varying  in  height,  i.  e.  in  the  diameter  from  the  lumeo  to 
the  membraoji  propria  of  the  tubule,  between  0-006  and 
0007  mm. 

The  cilia  are,  in  most  instances,  exceedingly  6De,  and 
measure  in  length  between  OOO-W  and  OOOfl  mm. 

In  some  places  the  whole  mas*  of  cilia  arc  more  or  less 
knitted  together,  and  can  l>e  then  made  out  only  with  high 
powers  ua  (ine  siriationa;  in  others  they  appear  mure 
isolated,  and  are  then,  of  course,  easiest  seen.  But  in  all 
insunces  there  is  a  marked  boundary  line  between  the  cell 
•ulxUnce  and  the  cilia,  these  latter  penetrating,  however, 
into  the  former. 

In  several  inHtancc*  where  the  rod-like  structures  of  the 
cell  lubstauce  are  distinct,  I  see  the  cilia  directly  contin- 
uous with  them,  nlthough,  u  a  rule,  tlic  latter  are  much 
finer  tbno  ibe  former* 
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Had  I  round  t)ic-«o  cilinu-il  ceUtt  in  an  Holated  Rlnti*,  I'.f. 
nfier  tcasiiij^  out  lidld  bits  of  ki'litej-  s(it>«iaRce,  1  shbuld 
t)av«  takon  itivm  to  be  ii|»nticnl  wiib  the  mlla  fiKUtrd  by 
H«id)'nliain  ('  Hermann's  Pliy»io1(»gip,'  v,  p.  285,  fiif.  6T)  of 
the  kidney  of  the  nit,  bnt  in  oiir  cmw  the  cilia  are  iirojcciing 
from  the  cell  Kulixtnnre  info  (he  lumen  of  the  tuhule,  (he 
cell  nuhntanop  tthowiiifr,  in  addition,  ihe  rods  of  Heidenhninf 
and  thTC  being  a  definite  boundiiry  line  bciwcrn  the  cil 
and  (he  celt  aubslance. 

The  rollowiii);  urn  meaautementa  ma-le  on  (ubulc8  lined 
with  ciiia[cd  epithelium : 

1.  TnnuivwM  diRmntor  of  (be  viioln  lubo 

(loMcaanil  wiUli  inurowieiTtioii    .        .    O'OiU  idh.  by  O'U&O  mm. 
Tbidciwn  of  llio  «[>itbelial  lining  wiUiout 

ibiT  cilia ai^na  „ 

Loiigtb  of  llic  diu n'IXi:Mi  „ 

i,  TraiitrcrM  ilinmclrr  of  iIir  tiihc  .  .  OO^UA  „ 
lliickiiri*  of  tlie  cpillieliutii  .  .  .  D  Wr>4  „ 
Ij<ni)[[l>  of  the  cilia 0  MM  ^ 

3.  TransTerse  diainvltr  of  llie  ttibe  .  .  0'033t  „ 
Tiiioknen  of  llir  epitLeliuin  .  .  .  0'0073  ,■ 
IiMlgtb  uf  tlIt^  cilia 00<H     ., 

i.  Trantvurac  ditnicter  of  (lie  tab*                ,    ()'039     ^    by  O'lHS     mnu 
TliUJcncM  nf  ihc  P|iiiJii<li<iin                      .    iHM)&t   „ 
LtagQt  vt  tlic  cilia tl-flOSH  ., 

6.  Tranavme  diniDptir  of  (lin  tub«        .         .  O-'W,  „ 

Tliicknenof  the  cpitliRliuiu  ,        .  iHv>7i  „iMOii«Bida. 

UcitUiorolia        ......  110036  ,. 

ThicLnew  of  ihf  ^lUiclium      .        .        .  U<M]S  „  m  llie  oilier  aid*. 

L<i^  of  Ibe  cili> O005  „ 

Cilialn]  ppillieliiim,  na  far  »*  1  c»n  find  in  the  littratur^ 
of  the  kidney,  has  not  bei-n  seen  in  th<?  mammal's  orfjan  ;  in 
thn(  of  reptiles,  amphibia,  and  fishea  ai  !>  Kell  known 
(bowman,  Remak,  Ktdlikcr,  and  othera),  cUiatrd  ppiilie* 
Hum  i»  of  a  oonslani  oecurrpni-e  in  thn  capaiile  of  thv  Mnl- 
piithian  corpuscle,  am)  esitectally  in  ibe  long  lltin  nirk  of 
the  urinary  (ubulc;  the  cilia  are  Iwre  of  Tery  (treat  lenjtlh, 
and  thi'ir  moviTmeiit  h««  \trvn  observed  in  the  fre^h  slati-  bj 
Dutican  (Silzun^fber.  d.  Akad.  d.  Wis>,  Wirn  Ahthril.  5<3J| 
and  Spencel  ('Arbeit,  ana  A.  /oolog.  Instil.,'  Wttnclitir 
1876J.  I  have  tried  to  see  the  niivemonl  iif  the  cilia  3 
aection*  ibrouf;h  (hi-  fresh  kidney  of  Ibe  mouse,  but  bare 
nut  hitherto  h«>n  «iin(^r«Kfiil.  The  apction*  were  mai'- 
tinmeittalidy  after  killiu)!;  Ibe  animal  and  were  examined 
aqnooni  humor,  but  the  urinary  tubule*  of  tbi*  curtt'X  W4*i' 
ainnjs   ao  contracted    ihat  of  a  lumea  of  ihi-  lubulri,  and 
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con»pqaentlf  of  the  above-named  itliort  unci  fine  cilia,  or  of 
the  movemeDt  of  these  latter  notbitig  couM  be  »veii. 

11.  Teitsiuit  out  frceh  muscular  tissue  of  the  lieart  of  the 
moune,  JMlnied  filmllic  of  the  Gbrpe  can  he  obtained ;  they 
(fibrilliej  ap[Mtnr  of  a  rcgtilar  miinilifoTni  chaTacter,  s<i 
that  tbey  resemble  a  trhain  of  large  minoctx-ri;  iind  indeed 
I  had  at  first  taken  them  fur  such,  having  by  accident  found 
ibem  to  «  drop  of  blood  drawn  From  the  venu-icle  of  the 
bcart  by  a  capilbiry  lube  thai  bad  been  pierced  through  the 
wall  of  the  veiiiricle.  On  luoking,  however,  ibTough  tbe 
same  blood  prepaiatiun  1  met,  besides  the  a)>ove  >»olausl 
ones,  two,  three,  and  more  siich  chains  joined  together  *trf<- 
ways,  up  tu  whole  mnsrulur  fibres ;  so  Ihnt  about  their 
nature,  viz.  n«  primitive  fibnllae  of  niutcular  fibre*,  there 
could  he  no  doubt.  Now,  the  interesting  fact  that  could  be 
made  uut  here  was  this :  passing  from  a  single  isolated 
fibrilla  to  bits  of  muscular  librc^  conipofcd  of  two,  three,  and 
more  iuch  fibril!*-,  tbe  itauHverse  sin'iiiidn  of  ibese  •vveral 
bits  of  muscular  fibres  was  uniiii.itakably  due  to  tbe 
moDiliform  nature  of  the  libriU^,  that  in  to  my,  correspond- 
ing tu  tbe  varioDsities  of  tbe  tibrillte  were  tbe  dark  traiiS' 
verae  slripes,  while  corrciip»nil)ng  to  the  parta  between  the 
varico«it!e8  were  the  light  transverxc  stripe;,  or  in  other 
word*,  the  dark  «tri|Mt.t  were  made  up  of  the  varicoaities,  the 
light  ttripes  uf  tbe  intervening  constricted  portions  of  the 
fibrillsi.  This  is,  I  ihtuk,  a  strong  corTobornlion  of  I>r. 
Ilaycraft's  view  on  the  cnime  of  the  cross  striniiun  in  mu«- 
rulur  Gbtes,  aa  described  miniitelj  by  him  in  this  number  of 
the  joumaU 
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Om  iMe  DuTBtOPMiisT   of  ckktais    ^flCItO!lC«plc  Okg&i 
occQUtniG  in  tie  IsTisTiNAi,  < 'asai..'     My  D.  D.  Ci'nnu., 
HAM,  M.B.,  Surecon-Major, Indian  Mcdic«l  Service;  Velloi 
of  the  Calcutta  UnivcTKlj.     Willi  Plalc  XVUi. 

1.  THeMonadi  and  Ameha  of  tit  Human  IHyestife  Canal. 

At  a  time  when  the  asaociation  of  special  pansitea  iritb 
morbid  stat«8  of  tbcir  host  ia  readily  iDtcrprctcd  as  evidence  rn 
hvouT  of  ctumit  ifaeonn  regarding  the  jMruitic  origin  of 
discafc,  niLj  exact  tnformatioD  reftarding  the  Ime  «igni(icaiice  of 
the  phenomenon  in  particular  cases  maj  serve  a  usefal  purpose. 
It  has,  therefore,  seemed  dcsirabk  to  endnronr  to  ascertain  the 
nature  of  certain  paraxilic  forma,  whidi,  in  this  counlrr  at  alf 
evcnti,  are  apeciallj  related  to  cholera  and  certain  other  cotidi- 
tioD)  in  which  the  contents  of  the  intestinal  canat  are  of  an^ 
abnormal  character,  and  to  determine  tbc  relation  vbich  they] 
b«r  to  those  conditions.  Tbc  intestinal  contents  in  such  caae%] 
like  those  in  health  and  in  other  forma  of  diaeaac,  abound  in 
organiams  of  rarSoaa  kind»,  but  are  ajKctally  cluractrriiicd  bv 
tli«  frequency  with  which  they  contain  exc«aaive  numbert  of 
what  may  be,  prorisionally,  termed  monads  and  AtDcebe.  IIib 
exceasivc  devdopmciit  of  these  bodiea  certainty  beara  a  definite 
relation  to  the  cxi»teiice  of  abnonnal  coDdilions  in  the  boat,  and 
the  aim  of  the  preaent  paper  is  to  ahow  what  the  real  nature  of 
this  relation  is. 

The  account  given  of  the  lifc-hiBtory,  and  of  the  mutual 
relations  of  the  variou*  bodiea  dt:9>iTil>ed,  is  fooniled  on  a  pro. 
longed  courae  of  investigation,  including  a  series  of  cullivolioo- 
eipcrimenta,  carried  ont  with  the  aid  of  various  media  and 
extendtiut  contmnoaaly  over  a  period  of  more  than  a  year,  in 
order  to  dctermitic  the  influcQcc  exerted  on  the  course  of  dcvolop- 
meot  by  variations  in  external  cotiditiona.  To  give  a  full 
account  of  all  the  observations  would  have  occupied  eieeaaive 
apace  and  have  tended  to  obccun  the  gcuenl  results  of  the 
inquiry  in  massea  of  detail,  ft  has,  therrforc,  aceroed  advisable, 
as  far  as  pottsibh^  to  avoid  histories  of  individual  experiHieols, 
and  merely  to  introduce  oecaaional  illustrative  cases  regarding 

[larticular  phenomena.     All  Ute  more  general  statemchLs  are, 
lowcvcr,  founded  oo  notes  recorded  daring  th«  oonrae  of  the 
inrestigatioD  and  not  on  mere  memory  of  rtaults,  and  are  tiien- 

*  This  p»pa  appeand  tn  aa  •pimdit  to  llw  '  fiftnalli  Aimiul  B«poct 
of  Ike  SoaitiuY  Ooiimiflaioiior  with  Ibe  Govcratn^at  ol  Ladiik' 
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fore  free  from  ibe  source  of  fullncy,  at  n)]  cvcnta,  however  much 
tli«j  mav  be  affected  by  enon  o(  int(T|in.-tiition. 

The  aiacavety  of  the  occurrence  of  monad  forms  in  choleraic 
•0(1  other  excreta  dates  many  years  back.  Davaine  appcnrs  to 
have  bna  Oie  fint  to  observe  thctn.  In  the  year  i851  he 
pulilisbed  BO  account  of  bid  obMirvatioiis  rcgardiuj;  their  presence 
in  choleraic  excreta  during  tbe  ifjiiJ«!iiic  of  l9')3,  l>t54.'  He 
states  that  be  encouatcrcil  Diein  iu  many  cases  and  frrqoeiitly  in 
very  ffreat  abandance,  and  he  records  the  occurrence  of  what  be 
irgardnl  as  a  smsUcr  variety  of  llic  »snic  orgautsm  in  typhoid 
escreu.  Subte(|ueully  Lambl  describ«l  and  figured  simiUr 
[bodies  present  in  the  getatinoos  mucoid  discharge  occurring  in 
eases  at  disirbcca  in  children,'  and  Ekeckrantx  recorded  ucir 
ooenrrcnce  in  ca«es  of  dinrrha>a.'  In  the  year  1S70  Dr.  Timothy 
Z^ewis  published  his  observations  on  tlie  occurrence  of  monads 
and  ambosboid  organisBU  in  clmleraie  and  other  excreta,*  iind 
Tlism  recorded  the  occurrence  of  mon^s  in  chronic  di«rrh<Ba.* 
In  the  following  ynr  an  nccount  of  my  own  obRL-r^-ations  on  the 
ssfflD  subject  was  published,  in  which  various  forms  of  monad 
«iid  Bjn<eboid  forms  were  described.'  In  1875  Marcliaud 
corded  the  occurrence  of  monads  in  a  case  of  typhoid  fever,' 

id,  in  187S,  /.unker  deuHbed  two  forms  as  occurring  in  severe 

I  of  ioledtinal  difleaae," 

I'be  question  next  presents  itself,  whether  all  the  observations 

reefer  to  one  specific  orgnni^m,  or  wiiether  more  llian  one  species 

is  referred  to.     Leuckarl,  in  the  recently  published  edition  of 

bis  work  on  '  Human  Parasites,'  believes  tlut  the  latter  is  llie 

case,  and,  while  icfcrring  the  organisms  described  in  most  cases 

Ibo   genus  Orcomonas,   distinguishes  those   described   by 

larchand,  and  otirtntn  of  those  recorded  by  /.uitkrr  as  belonging 
to  the  geuos  Triebomoaas.  As  the  result  of  prolonged  obserra- 
tioa  of  the  rarying  forms  nbicb  the  organisms  occurring  in 
dcreta  in  this  country  present,  I  must  confess  that  I  am  inchncd 
to  believe  in  the  specific  identity  of  the  parasite  in  all  the 
recorded  cases. 

*  'Ccmiiit.  rcail.  Soe.  Biotoff.'  1S54. 

■  •rntm  VierteJiahnteuriiri  tur  [iraktische  Ueilkande,'  1859,  Bd.  01, 
&Sl. 

*  "  BUftt  till  kkaniiomea  on>  do  i  iiKn&iskaiis  tsrmkaiial  (ofckomfnuule 
lafiisoricr :''  ■  Konlisk  «e<l.  A,rkiv,'  B4.  I. 

'  Appnidix  A.  'Sixth  Anbual  Kcport  of  Die  Swiitsiy  Coaimitaioiier 
with  Uu:  Goverameat  at  India.'  CaknitU,  1870. 

*  '  Tnina  lall  al  CeteooMnss,  Dpssla  Iskarc  t^ren.  (Orhuidl.,'  ltd.  v, 
p.  691. 

*  Appendix  n.  '  Seretilh  Annual  Keport  of  tlie  SaniUrjr  ComnuMiancr 
wktli  ts-'  '~;,,<,-TfiFnf3ii  of  India,'  Cslculta,  H7 0. 

r  ■  .kihol.  Antomk;  1S75.  IM.  64.  S.  391. 

idr  pneiudie  HeUioin,' 1H7S,  No.  I,  8. 1 
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I      Ai  prevtoiulj  mntionvd,  the  occurrence  of  amtcU  organism* 
in  choleraic  ana  other  escreU  waa  recorded  hj  Dr.  Lewis  aod  ] 
Biyaeir,  in  the  years  1870,  1871>     The  only  other  accunt*-!? 

•iecor«lc<l  obaervaticn   rfgardiDK   them   sppcara  to   be  that  vt 
lidaeli,  pablisbed  in  1S75,  in  which  crgaiuMna  aaBOciatcd  with  a  , 
draenteric  condition  of  the  Urge  intestine,  an  aaaumcd  to  hav«  I 
been  the  apecific  canse  of  tbe  disease,  and  bate  receired  the 
name  of  JmAo  coii.' 

Id  ro  far  aa  murphologtcal  characters  are  concerned,  the 
tnuna<lK  obnerved  in  excretul  inateriaU  in  Calcatta  in  some  cases 
agree  with  the  ^^us  Ccrcamonu,  and  >e<?tningljr  rrprearnt  tli« 
ao  called  Cercomoiiat  inUiHualu,  Dar.  In  olhen,  howerfr, 
they  acem  rather  to  correspond  with  the  genus  Trichomouiis, 
Inking  the  characters  of  the  latter  as  deRiied  by  8lcin.  This 
autliunty  dcnii-s  tlic  prcitence  of  any  true  lateral  cilia,  and 
mstDlain*  that  the  npprnruiice  of  a  ciliak-d  border  is  di-ccptiTe, 
and  mlly  due  to  the  rapid  emission  uf  Nuccaiiiive  protrusions 
from  the  soft  body  substance  of  the  o^niym."  Whether 
this  be  true  of  all  the  otganisms  at  prcscot  united  under 
the  generic  term  Tnchumuuas  1  am  unable  to  form  any  opinion 
from  prnrtical  experience ;  but  ccriainir  tlie  pliciiotncr.a  pciiiitrd 
out  by  Ijeuckart  in  reference  to  TricAomona»  barlrac/ivriim 
are  opposed  la  such  a  btlii-f.  In  reference  to  (he  nrgHinsina 
with  which  we  arc  at  present  concerned,  however,  1  can  with 
the  utmost  confitlcncc  assert  that  Stciu's  description  is  sirictly 
applicable.  Thin  being  ao,  it  is  cli-nr  that,  unless  the  Islersl 
cilioid  protnisiona  are  constantly  emitted,  which  ia  certainly  nut 
the  case,  the  same  organism  must  at  difft'nnt  times  present  the 
characters  of  both  gniiTu,  Cercomonns  and  Tricliomonas.  Not 
only  docs  our  parnititc  do  so,  but  it  prcscriln  a  protean  series  of 
immediate  fonn.t,  u*  well  as  another  series  connrcting  it  with 
the  form-genus  Amceba.  This  latter  scries  presents  chatucters 
practically  no  distinguishable  from  those  of  the  swarmspores  of 
the  Myxomycctes,  a  group  of  organisms  with  which  the  pnrusitc, 
as  wc  shall  lind,  prcHunls  other  dose  points  of  agreement. 

liefore  going  further,  it  may  be  well  to  describe  the  clinracU-rs 
of  these  monads,  or.  as  they  may  with  more  propriety  ba 
tonued,  zoa:ipores,  a  little  murv  ctoccly,  even  though  1  have 
comparatively  little  to  ndd  to  the  deseriptioini  of  them  previously 
given  by  both  Dr.  Lewis  and  inystlf  several  years  ago.  In 
regard  to  form,  it  is  difficult  to  make  any  deGnite  statement  in 
leference  to  organisma  which  in  this  respect  exhibit  no  constancy, 

'  Op.  rit, 

'  '  Archiv  fiir  mlliol.  Anal ,'  ISio,  BU.  66,  S.  1915, 
*  Qui.lcil   lu   l.L'ucksrI,'*  *  Die   J'litntileii    uo  Mrnrrhro  iind  di«  ion 
ihnen  btrridirtnitiu  Krsnklieilcn,'  Zwiiie  Antlagc,  1S7S,  S.  &1L 
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but  are  contiuaalljr  varying  in  conscquciiM  ot  botli  intriaBic  and 
ncmoMC  influcncrs.  Tim  body  in  inuvt  cases  in  a  mere  fragment 
nf  naked  protuplnsin,  witli  itg  (iilT'erentiut«(l  cuv«riit|;,  and  wilb 
hardly,  if  any,  indicatioita  of  a  ilifr(.-r<:atiatio»  of  uttosarc  and 
mdonrc.  Onriug  lu  tbis  and  to  their  miiiulc  sn«,  it  is  alniuHt 
impoasible  to  dctcrmint;  witb  any  o^tiuiity  ninny  |K>ints  regarding 
it  when  to  a  »latv  of  full  aclirity.  Nearly  all  reagenta  almost 
immcfliaUly  pnnluoe  destructive  cbaDges,  leading  on  riipidly  tu 
disintcgratiou  and  disappearance,  and  even  slight  changes  id  the 
nvediun,  auch  aa  depression  of  teinpc-nturc  or  dilution  with 
water,  are  aufficieat  to  arml  activity  and  induce  disinle^rstian. 
Wlicn  in  full  activity  Ihejf  pmeDt  a  more  or  lew  fii»ifurm  or 
)war-*ltaped  outline  (I'Iste  XVUI,  fig.  IS).  The  size  varies  ag 
greatly,  accordiiig  to  the  oalure  of  t^c  medium  and  to  the  rate 
at  which  processes  of  multiplication  by  division  occur,  that  it  is 
DE«l«aa  lo  attempt  any  very  predse  nuteiueiil  ref^ardiog  it.  Is 
tiirte  cues  iu  wnieli  s))ecial  nutea  of  measurements  wer«  takeu, 
the  nsHilla  wtte  as  fullows: 


8£  ft. ' 
Tip. 


X  Vi  ft. 
X  8-7  p. 


It  ia  almost  as  difficult  to  make  atiy  definite  statement  as  to 
tlie  Dnmber  of  flafella  which  ia  to  be  regarded  ss  Dormal,  as  it 
appears  to  vary  from  one  to  three,  or  even  four,  in  houic  cases. 
In  tucU  an  unidifferentiated  o^Dismtbe  dagella  difiVr  little  from 
poeudopodia,  and  their  furoiation  and  retraction  may  fretjueiitly 
M  observed  in  some  of  thu  more  sluggish  flutes  of  iIk  body 
when  iDoveoKot  is  comparatively  kluw.  'I^is  being  the  case>  it 
is  dear  that  any  constancy  in  their  numbers  is  hardly  to  be 
looked  fur.  Tbe  posterior  extremity  of  the  body  sometimes 
euds  in  a  point,  sometimes  is  moro  or  less  rounded,  and  frc 
queully  ia  provided  with  a  cnudnl  process,  or  trniiing  Glamcnt  of 
Ti^ry  varying  length  and  thiokiieM.  'lliis  appears  to  be  con- 
n«c(*il  with  the  niethud  uf  nutrition  pro^r  to  the  organism, 
which  ia  identical  with  that  described  by  Ciciikowski  as  prevail- 
ing among  certain  of  the  Monadiiue.*  That  portiuu  of  the 
biidy  opposite  to  the  site  of  the  fligeilii,  and  llu'refure  the  poe- 
tcrior  portion  in  reference  to  motion,  ia  the  pint  through  which 
nutritive  materials  are  absorbed  into  the  body-mass.  The  pro- 
ooa  may  aomelimee  be  very  clearly  observed  where  the  iiutntivc 
body,  as  is  occasionally  the  au-,  consists  of  an  nmcBboid  bo<ty 
ur  of  ft  red  bU>od-cur|ni»clv.     Wheu  a  itoospore  is  about  to  be 

*  fi  s  ^tieroaiitlimtlre  ^  '<X11  mm. 

'  **  8»i(/>t<=  «nr  KeiiaiaiM  (ler  UoMsden,"  'ArcUv  fur  nikrosk.  Aoa- 
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Douruhed  at  (h«  cxjwnsc  of  an  sctire  smccboid  orginism,  it 
becomes  lUlhrrcnt  to  it  hj  iu  poxtrnor  uKdviiiity,  'llie  Amceba 
at  Rnt  continues  to  progress  freely,  but  soon  ceases  to  do  so, 
assumes  a  spherical  and  motiouleas  condition,  and  is  drara<«d 
paMivelj  about  bjr  the  vnergetic  flagcllary  diovcidcdI«  of  the 
soospore-  Grsduallf  a  diminution  in  it*  bulk  becomes  tnanifeat, 
the  ImmIj  of  the  xoospore  at  the  aame  time  beoomiDg  distinctly 
plumper  and  more  rnractive,  and  as  the  process  continues  tlw 
whole,  or  almost  the  whole,  of  the  Amtcba  diesppcarf^,  snd  iu 
pluDdercr  xwim*  off  to  iwtrk  a  new  victim.  Somriimc;  fcferal 
zoospores  unite  in  plundering  one  Amwba,  which  i»  ji^rked  irn-gu- 
larli  about  bjr  tbeir  opposed  movements.  In  th«  m»r  where 
red  blood-coipasclcs  arc  the  source  of  nutriment,  as  is  fre- 
qoentlj  the  case  in  choirraic  evacuation*,  the  progrew  of  the 
process  ma;  be  followed  readily  by  the  colouring  of  the  zoo»pore- 
Dody  by  tito  absorbed  !i»moglobin.  In  some  caae*  portion*  of 
corpuscles,  too,  seem  to  be  absorbed  m  maate,  though  it  is 
difficult  to  be  quite  ocrlain  on  tbis  point,  due  to  apfiearanGca 
arising  from  surface  adhesion  to  the  transparent  bodica  of  Ibe 
zoospores. 

Owing  to  the  constant  movements  presented  by  the  parasites 
when  in  fall  activjfy,  it  is  diflicull  to  come  to  any  ik&nile  con- 
clusion reipirding  the  fre<{ueDcy  with  which  they  poaitwa  a 
differentiated  nucleus  or  contntctile  vesicle.  That  tlipy  do  do  so  in 
some  CAMS  tbcrc  can  be  no  doubl,  but  in  many  the  most  careful 
and  prolonged  examinations  fail  to  reveal  the  presence  of  either 
atructure.  That  the  prssiiiceor  absence  of  a  Jislinct  contractile 
venkle  is  not  a  matter  of  essential  sjiecific  intitorlance,  is  the 
conclntioB  which  Uertwig  and  Leaser  seem  to  anite  at  as  the 
result  of  their  study  of  the  Bhizopoda,'  and  the  phenomena 
presented  by  the  organisms  at  prtscnt  under  consideration  cer- 
tainly corroborate  this  oonelo.4ion.  'Ilie  presence  of  a  contractile 
veaide  ajipears  to  be  an  inconstant  character,  determined,  in 
some  cases  at  all  events,  by  conditions  of  the  nntritivc  nx-dium. 
M'ith  regard  to  the  constancy  of  a  nucleus  as  a  specific  cha- 
racter, it  is  noocsnry  to  speak  with  souse  reserve,  as  tbe  presence 
of  sndi  a  »truolure  may  readily  eaeafie  observation  in  snob 
minute.  orKsnisms  as  the  escrctal  zooaporea.  This  is  more 
Mpecially  likely  to  occur  where  a  distinct  nucleolos  is  not 
present  and  where  the  nucleus  is  men-ly  n-pp-scnlril  by  a  clear 
vacaolar  arco  in  tbe  body-mass.  That  llu-ve  eonditions  mav 
replace  one  another  in  one  su<l  the  same  oi^aniam  is,  as  we  shall 
see  hereafter,  unquestionable,  bodies  which  at  one  perud  merely 
•bow  a  clearer  nnolear  ana  sobaeqaenlly  showing  a  eoaspicuous 

■  -■  l.'ebtT  HbiEOpodnn  und  dcnselbca  nabeslehcida  OtjaaiMnsn," '  ArJ 
ckii  fill  niikf.  AcaL,'  Bd.  X.  Sa^l.  I 
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nudmlas  witliin  thi*.  In  certnin  capes,  na  I>r.  Jjcma  pointed 
oot  in  1S70,  (he  r-xcrcUl  xoospun^  do  shoir  clear  arens  wiiJah 
we  pmbabljr  of  a  nudenr  naturr,  mid  in  oIIhts  cither  previous 
to  or  after  trwitinenl  with  reaj^ent*,  and  upecialir  with  Liiiuor 
lodi,  a  DQcleoloid  particle  is  rendered  inanifeat.  ^^'ilhou1  r<^l- 
uifr  JQEtilicd  in  ttalia^  it  aa  a  positire  fact,  I  ntD  strongly  io- 
clincd  to  reeard  tlie  pmriice  or  absence  of  a  nucleus  a>  con- 
nected in  Ui«  pment  CR»e  nitli«r  with  deveJopmcala]  than 
tpedQc  character.  The  bodj  of  the  parasite  varies  consider- 
ably in  appearance  in  different  cases,  and  at  difTerent  tiinea  ill 
one  and  the  same  specimen,  being  sometimes  almost  homogeneous 
and  in  others  distinctly  frranulnr. 

After  ooulinuiii);  in  full  acltrity  tar  Home  time,  the  xoonpores 
•oBwUmes  imss  into  a  condition  in  which  they  exhibit  very  freo 
wnaeboid  cliangn  of  form,  accompanied  by  fmiuent  retraction 
asd  protrasion  of  flif^ella.  Frequently  connected  with  this  stage, 
but  MmdimeiBlsooocnrringuia  mrrcinttTliidc  in  the  condition 
«(  maximum  activity,  processes  of  multiplication  by  dirinon 
take  pUc«.  Divbion  is  preceded  by  a  tcmporarr  cessation  of 
tdirity,  the  dagella  being  retradwl  and  the  body  aRsnmin^  a 
more  or  less  spherical  form  (Plate  XVIII,  &g.  17  I).  The  out- 
line  soon  become  oval,  a  constriction  now  appears  transvet^e  to 
the  long  axis  of  tJie  body  and  rapidly  deei)«ns,  and  a  new  flsgeN 
lam  appean  at  either  pote  and  begins  to  act  with  energy  (I'bitfl 
XVlil,  Bff,  17,4,0.  The  central  contraction  continues  to  in- 
crease in  depth,  and  ulliEoately  the  two  scgnients  remain  con- 
nected merely  by  a  narros:  neck,  which,  due  to  their  energetic 
etracrgte«,  is  soon  rrdnced  to  a  thread  (Flat«  XV  111,  fig.  17,^'), 
and  finally  gives  way,  so  as  to  allow  the  two  twin  zoospores  to 
part  Company  and  svim  off  freely  in  the  medium. 

In  other  cases  a  retardation  of  moremi-nt  is  the  antecedent  to 
the  death  of  the  zoMpon-*,  as  may  fm|iienlly  be  obaerrcd 
when  nnrnvorable  alterations  are  naturally  or  artificially  taking 
place  in  the  medium.  It  is  in  tJie»e  cases  that  they  come  to 
preaent  featares  «u»ng  Ihem  to  agree  with  Stein's  deMriptton 
of  tfaoae  in  Trichomonas.  The  movement  ceases  to  be  one  of 
ene^tie  rotatory  advance  and  a»»umes  a  jerking  character. 
fHiis  JBiking  is  due  to  the  emission  of  lateral  pieudopodial  pro- 
trasinns  in  rapid  sucoesston.  ^'herc  the  emission,  as  is  fre- 
quently the  case  at  first,  is  very  rapid,  an  apitcarsncc  arices  as 
UDUgb  the  body  poMCSsed  a  lateral  row  of  cilia.  As,  however, 
a  gradual  retardation  sets  in,  the  true  nature  of  the  phenomenon 
can  he  readily  determined.  It  is  now  seen  that  distinct,  slender 
IMeudopodial  processes,  often  of  considerable  length,  arc  emitted 
frooi  tAe  side  of  the  body,  and  sweeping  rouiKi  in  a  curve  arc 
again  tetnwtcd.     Somctitacn  two  arc  visible  at  once,  a  fresh  one 
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b(f  inning  to  be  emitted  ere  the  entire  disappearance  of  ita  pre- 
drcessDr.  Tlie  useudopodia  gradually  diminisfa  id  taxie  as  time 
poeaon  and  finally  disappear,  tlic  last  tracrs  of  ihvir  formation 
being  tcpr<-»cDicd  by  mure  wivr-likc  undulaiionit  ul  the  boii;- 
uiargia.  TIk  Aagvlla  have  bemi  retiucl«l  aunit:  time  )>nTviuu.-<ijr, 
sikI  ibe  xoospore  finallj  remains  as  a  mere  rounded  or  oval  par- 
ticle of  protoplasm,  wbkti  rapidlj'  breaks  dow-n  into  a  inoleculsr 
fldlce  and  disappean. 

The  prcaeuce  of  zoospores  i*  by  no  means  conRaed  to  e1ii>- 
Irraic  lixcreta.     Th^'  ctrtaiiily,  aa  a  rule,  urn  pn'sent  in  sach 
excreta  in  much  larger  amount  and  much  greater  actiiil}'  than 
in  oilier  cases,  bol  in  many  cases  of  inlcstinal  disease  of  other 
nature  the;  ma;  readily  be  dctrctcd,  and  ctcu  in  casc!<  iihrrc  no 
sbnoroial  candition  exists,  Ihey  are  vrrv  freijiicDU;  presi-iil  in 
amnll  nambtD.     Although  this  is  tbe  case,  ibej  may  readily 
fxvjw  observation,  and  this  for  several  reasons.     In  the  first 
pUce,  they  are  fre^neoUy  inactive;  and  secondly,  even  vhera 
tlx-y  are  not  so,  the  nature  of  Ulc  medium  is  sach  as  to  pn-vrnt 
tlieir  free  mnvcmrnt.     Moreover,  they  are  »o  en«i1y  and  prrjudi* 
Ciully    aflccUxl    by   chniigrs    in    the   nie<liiim,    tliat    the    mraii* 
employed  to  focJIilate  llH-lr  detection  very  oiie.n  tMtmt  tlii-ir  uiih 
end.     Thus,  the  addition  of  water  is  in  aluiont  all  eases  enough 
almost  immediately  to  secure  the  aboliliou  of  motion,  and  very 
rapidly  to  lead  to  disiutfy ration  and  disappearance  of  the  zoo- 
eporvs.     The  two  media  which  t  have  found  most  adapted  to 
KTcurn  tlie  demonstration  of  their  pfesence  are,  firai,  Uir  alkaliite 
Quid  of  choleraic  excreta;  and  second,  a  solution  of  oow  dung. 
In  eitlier  cafc,  berotr  u<ing  the  media,  it  is  of  course  necessary 
to  61ter  and  bud  them  in  order  to  exclude  littrit  and  organisms 
which  they  may  ooiitain.     In  my  lirst  oWrvaltons  1  always 
vmpluyed  the  cboiemic  Hoid,  but  Utterly  1  have  entirely  aban- 
doned this  iu  favour  of  the  solulioa  of  cow  dung,  which  seems 
tn  be  pecuharly  favorable  to  the  2oo>)>ora.  j 

The  preM!itc«  of  the  loosiiores  in  the  excreta  is  then  a  phcno-  | 
^  menoii  not  peealiar  to  cholera,  or  indeed  to  any  diseased  con*  ' 
rditioii.     Uu  the  other  hand,  certain  diseased  conditions  of  tbtt : 
eicrela  appear  certainly  to  be  incorapalible  with  their  pRsence.  J 
As  I  prcviuusly  pointed  out,'  cases  of  acid  diatrba-a  associated ' 
With  iIk  presence  of  growing  fungal  eiemmts  are  eluiracterised 
by  tite  absence  of  any  traces  of  the  zoiisjiores.     1'bis  in  it«elf  is 
sufflmeat  to  show  that  mere  fliudily  of  the  medium  ts  not  the 
only  Donditton  necessary  for  the  occorreuue  of  these  orgauiamBJ 
Tint  this  is  Uie  uoe  is  also  pruvrd  by  their  entire  absencB  un 
many  cafes  nf  dywnlery.     A  much  mnie  important  determinant 

*  Anfwnihx  B, 'Serealli  Ajiaual  Reperi  of  the  Saaitary  ConunilsiDMr 
vilk  tlio  tiotmiMcal  irf  Ittdia,'  OdeulU,  1S71- 
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•eems  to  lie  in  Uio  miction  of  tbe  mrdium,  an  acid  r«actioa 
rrpmi»ing,  vaA  an  alk«Iiue  one  r«vounng,  tbcir  presence  and 
Ui-TRlopment.  At  the  same  tiin«,  however,  cerlnin  forms  of 
alkaliaitT,  areociatt'd  willi  tho  eicrssive  tIfTrlopment  of  oilier 
orgnaic  farins,  arc  almost  a»  rcprcrsivc  as  acidity  j  but,  as  a  rule, 
Uwra  can  be  no  doubt  that  iilkniinit}'  of  tbe  mcdiuni  in  one  of 
tbe  necnwi;  conditions  for  tltcir  pnwencc  in  any  c<>ii»idvnibLc 
nutnben,  and  tbat  an;  excessive  acidity  is  most  dotrnotive  to 
ihem. 

This  alone  is  suflicicnt  to  account  for  the  cxtrnt  to  which 
tlirir  preaenee  in  Uw  rxcrtta  In  bt-alib  linx  i-«cn|ied  notice.  In 
health  the  excreta,  ••  a  nilr,  [ircHeul  «  faiuiljr  acid  rvaution  when 
prrfectl?  fresh,  but  the  degree  i>f  acidity  increases  so  raiiitlly 
that  within  a  short  time  tbe  uiL'diuni  bccoinus  ({uitc  uaadniiled 
to  the  requiremcnlK  of  the  xooepon^,  which  conscijucnll;  die 
and  diaujipear.  Even  wlierv  llU  itiati^risU,  whcD  fn»li,  are 
neutral,  or,  a»  is  aoiuetimeA  the  ca»e,  t^liibit  a  mixed  reactiou 
wiih  aUaliQitj  more  permanent  than  acidity,  lh«  tapidity  of  the 
ileTcloptnent  of  an  inlinacly  acid  condition  is  very  fcrcat,  t>o  tbat, 
anIesR  examiiMid  at  oitcc,  they  may  vbow  no  traces  of  zoosiioTrs, 
Tbnre  tt  also  another  circumatnuce  which  must  be  regarded  as 
fNTobably  accwinting  in  part  fur  tbe  rsrilj  with  whicli  thefc 
orgaiuanu  have  been  d«tected  in  Kurope,  uanvely,  that  a  depres- 
sion  in  the  tcinperaiurt-  of  the  ineitiuin.a*  is  the  case  «ith  many 
tiihrr  orfcanismx,  exerts  a  most  rapid  and  prtjudicial  etTccl  on 
them.  During  the  hut  wratlicr  months  in  India  this  inducnce 
exerts  hardly  any  appn'ciable  vSfci,  hut  in  the  cold  seaKoii  it 
ooioes  into  pUy  more  or  leas  dintinctly. 

While  considering  the  subject  of  the  influenoc  of  the  condi- 
tion of  the  medium  on  tbu  vitality  ot  tbe  eooctpurt*,  it  may  he 
wf  II  to  examine  a  little  more  clowly  the  phenomena  sllnidaDt 
on  the  deoompoiition  of  normal  ujvine  excrvta  in  this  country. 
IVse  phcnoowna  exhibit  a  wonderful  uniformity,  as  shown  by 
the  records  of  very  numerous  observations  condiicled  at  all 
tima  of  the  year,  and  at  intervals  of  sevenl  ycnn'  duration. 
When  exposnl  to  rapid  drying,  oninjiaraiivt-ly  little  change 
beyond  increased  acidity  baa  liaie  to  take  place.  When,  on  the 
otlier  band,  the  materials  reuin  their  moisture,  as,  fur  example, 
when  they  are  retcrvcd  in  an  iaolaled  moiM  chaiDb>'r,  a  dcfimto 
■cries  of  phenomran  manifest  itself  with  great  regularity.  The 
firal  change  appreciable  coosUta,  as  before  naid,  in  n  vrry  rapid 
tncmsem  acidity,  so  that  the  material,  after  l)ie)ap»e  of  Iwmly- 
four  huurs,  shuws  an  inli'DfC  and  pt'rmaacnt  acid  rraetion. 
This  condition  '\r  u^^socinlcd  with  a  ctunge  in  the  colour  of  the 
Ixuiii,  specially  wbcn  «xpOKd  to  the  air,  a  darkening  and  red* 
d«uiug  heiiig  more  or  lesa  distinctly  manifested.    At  the  close 
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or  fortjr-ciglit  boars  tb«  material  u  intciisi-]j'  and  pcnoancntlr 
nct<).  If  tht^  ^urfflcc  be  examined  clondv  at  UiU  alage,  it  will 
almost  invariililv  be  found  to  b«  covered  with  numerotu  abort, 
erect  hyaline  {lointo,  whkb  on  microscopic  examination  an 
resolved  into  glamenu  of  Oidium  laetU,  brginaing  to  break  up 
into  conidial  vcgmeat^,  and  arising  from  a  aenea  of  elongated 
hurizonial  tubes  trarening  the  su|>erficial  portion  of  the  bui* 
(Fig.  1).  TwenLy-fnUT  kuurs  later  the  surface  ia  Dniveraally 
covered  vitli  a  thick  shaggjt  grey  costing  consisting  of  dciufl 
i  of  couidia. 


flG.   1.— iiUniciiIiaiiJ  cclU  otOidmm  X  lOOO. 

TIm  following  arc  tbe  nolea  reoorded  in  reference  to  ibeae 
phtnomeiu  in  one  cue,  which  ma^  be  taken  as  tvpical  of  lJi« 
Donna]  cooiw  under  aimilar  eooditiooa.  A  porliou  of  perfcetlj 
fmh  norma]  alviite  excreta  was  pla<oed  in  a  carefaUv  cleauod 
oapaale  in  a  moiat  chamber  at  12  noon.  I'he  reaelion  of  the 
material  was  diitiiKtlv  acid.  Mierosoopicallj,  it  coaabted  of 
the  nsoal  clcm«Dta.  Twentv^four  boon  later  it  had  acquired  a 
rcddiah  tinge,  and  tbe  aciditT  waa  greatly  increucd.  After 
another  interval  of  twtnty-four  hours  it  was  coTerett  by  a  deii- 
oate  whitish  bloom,  due  to  the  prcscnoe  of  myiiada  of  abort, 
erect,  projecting  fungal  flUmcnts,  which  on  microecopio  bx- 
ininattua  were  found  to  present  tbe  cbarsotcristlc  feoturw  of 
jem%  oonidial  Ulaoicnta  of  Oiditm  tactii.  The  reaction  wm 
DDW  mleotljr  aciil.  Tlie  averaj^r  bmdtb  of  tlie  fungal  el«iBeiit» 
VM  h  p.  Maoy  of  the  fUnnirjitf  wrr*  of  oonndeniblo  length, 
and  showed  no  tnces  of  division;  white  to  nihm, all  stages  of 
that  prucMa  nere  clearly  manifested,  aiid  uuinerous  free  conillia 
icprcaeoted   result*   of  its  oomplettoo.     After  aepAratiaii   tlw 
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ooniilia  *«em,  as  a  nile,  to  become  broader,  and  their  extremitici, 
which  are  at  6nt  in  niaiiy  Cksc§  mori;  or  tew  truncate,  assome  a 
rounded  cotiTci  outline.  In  some  cases  thr  filatneota  appear  to 
iinAe  dJchotomouslj  at  the  estrcmitj-.  The  t>u|>eTficial  lajcra 
at  the  basis  we.f«  full  of  long,  hornontal,  sparsely -branched 
Slamenta,  from  which  short  vcrcioal  twigs  arose,  became  aerial, 
and  nltiraaldy  split  up  into  coDidia)  MgnicDts.  After  another 
interval  of  twentr-four  hours  the  reaction  of  tb«  basis  was 
tnmsientlv  but  distinctly  alkaline,  and  the  surface  «a»  elotbrd 
with  a  thick,  shaggy,  greyish-yellow  coaling  of  curious  gela* 
tinous,  acutely  corneal  tufta,  composed  of  deii»e  maMcs  of  oidial 
coaidia  and  lilamcnts.  Hocl  of  the  comdin  were  very  short 
■od  broad,  many  being  nearly  spherical.  They  aere  full  of 
dense  afaining  protoplasm,  only  showing  at  utmcot  one  or  two 
minute  vacuolar  spaces.  On  being  lovn  on  a  suitable  medium, 
they  i«pidly  germinated,  undergoing  a  great  increase  in  stxe, 
aecompaniod  uy  cxteiisirc  vacuolation  ete  doing  to.  The  short 
rounded  coiudia  meaanred  from  9-4.  x  B'l »  to  6-li  x  tt'O  or 
5-5  ft.  The  longer  joints  measured  t^  x  i'b  ft,  and  all  inter- 
mrdiale  forms  oonnecled  the  two  sexies  with  one  another.  On 
the  following  day  the  reaction  of  the  basis  was  diaiincily  and 
pennanently  alkaline,  and  no  farther  development  of  fnngi 
oocnrred  in  it. 

That  the  Oidium  io  this  and  other  caaes  owed  its  origin  to 
fangal  dements  intrinsic  to  the  basis,  ani  not  to  extrinsic  onei 
aecidenlally  introduced  from  without,  was  proved  by  the  foUow- 
ioj  facts : — If/.  Oidium  tactit  n  not  a  form  whkh  tended  other- 
wise to  occur  (ipontnneousiy  in  any  of  the  localities  in  which  the 
experiments  were  conducted,  imi.  Boiling  the  excreta  prerious 
to  illation  was  invariably  followed  by  ■  failure  in  (be  appear- 
ance of  the  fnngaa,  and  this  not  as  the  result  of  any  change 
causing  them  to  become  an  unsuitable  mnltum  for  it,  as  an 
abundant  crop  sppraml  a5  usual  an  introducing  oidial  elements 
artiiicislly.  It  cannot,  uoreuver.  be  assumed  that  in  ihe  eijirri- 
meutaon  the  effect  of  boiliojt,  theeierct*  were  originally  fortuit- 
Ottsly  an  unsuitable  medium,  as  check  ei[>crin)rnta  were  tried 
with  unboiled  portions  of  the  sstnc  materia),  which  constantly 
nmlted  in  the  occtirreiKe  of  the  normal  development.  That  the 
phenOBMnon  is  not  one  dei>endent  on  casual  pecnliarities  of  a 
potticalar  seaaon  was  shown  by  its  uniformity  at  intervals  of 
Mverai  years'  dnration.  Besides  the  experiments  on  a  targe 
wmlc  in  ordinary  moist  chambtm,  others  were  tried  in  which 
minute  fragment*  of  tbe  material  were  hermetically  sealed  in 
wax  eells,  and  the  sequence  of  events  in  these  cases  was  pre- 
cisely  of  a  similar  nature.  There  can,  I  think,  be  little  donbt 
that  the  digestive  cual  in  man  in  tliis  country  noinudly  contains 
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thn  rc|>raductive  elerocnU  of  Oit/ium  lactU,  just  t*  Out  of  the 
cow  normtlly  conUius  ihoM  of  Pitoioltu  crtfttalliHut  and  otbcr 
itcrcoreous  Tangi. 

The  ilcvt'lopini^nt  of  Ute  Oidium  is,  as  we  hare  sccd,  ooiuei- 
d«nt  with  k  grevt  incmse  in  tbc  acidity  of  the  linsi»,  and  tbe 
{juration  naturally  BUU!nt»  itvrlf,  )iow  far  the  two  phrnitmrna 
arc  catually  conncctcJ,  am)  how  fur  tli«  increased  acidity  i*  dun 
to  a  frrinenlivi;  action  depriidoDt  on  th«  growth  of  tlie  funga) 
eleroeots.  Tliat  it  is  partiaJly— but  onlj  parlially^-drpendent 
OQ  this  ap])rara  to  be  clear  from  Iho  mnlt  of  a  Pi-riea  of  csprri- 
uicnts  in  which  Deithcr  Oidium  Dor  any  olh«r  muuld-funguo  waa 
developed,  imd  in  which,  at  tlic  same  time,  a  diflinct  but  Irm- 
porary  iacrvaM  iu  acidity  Bometimes  mauiTested  itself.  TLe 
Dot<4  recorded  re^rding  one  of  tticae  casca  are  as  follows ; — A 
portion  of  fresh  acid  alviiieeicrctioD  wu  boJrd  and  set  inamoiat 
ciiaiobcr.  Tweuty-four  liourv  lat«r  ihi-rr  «ia.->  a  distinct  incrcaw  in 
the  degree  of  aadity.  On  the  following  da;  it  exhibited  a  mixed 
reaction,  bring  faintly  and  tranaieutlf  acid  wh«a  Sr«t  applied  to 
the  lest  paper,  sod  the  acidity  paHing  off  and  being  replaced 
by  perinaDent  alkalinity  on  drying.  On  the  next  da;  all  trace 
of  acidity  bad  disappeared,  antl  a  penaiincnt  and  dixlincUy 
alkaline  condition  was  prewut.  In  other  caset,  however,  sod 
the»c  constituted  a  grejit  mflj>.'rity,  the  reaction  nl  the  clooe  of 
twenty-four  hours  either  remained  unaltered,  or  indicated  an 
increase  in  alkalinil;,  and  after  forty-eiglit  hoius'  reaerfalioD  la 
alkaline  condition  was  almost  invariably  strongly  pronounced. 

The  increase  in  acidity  ikvgc  appnucbed  in  ilrgrrc  tluU  kwo- 
ciated  with  the  deTeloputent  of  Oniium,  and  the  phrnoroenon, 
where  present,  may,  I  believe,  be  ri^arded  rather  a*  an  evidence 
of  diminished  nuinuf.icture  of  alkaline  products  than  of  any 
positive  increase  in  aeid  formation.  Tbc  reasons  for  tJits  belief 
are  the  following : — Ttie  appearance  of  alkalinity  in  the  materials, 
wbetheT  boiled  or  unboilMl,  is  asaociiited  with  an  enoraiout 
development  of  bacterial  eirments.  During  the  stage  of  acidity 
normsll;  coinciding  with  itic  development  of  Oidium,  baclenal 
drvrlopinrnt  oeems  to  be  »uppte»sed  or  very  greatly  retarded, 
aitd  it  IS  only  when  the  fangnl  developmeul  ceases  that  it  (xiuira 
ucuvely  into  play.  Prolonged  boiling  alxo  causea  an  immediate 
BDppresfion  of  bacterial  development  for  the  time,  and  at  the 
same  iinie  ]>ennanmtly  suppreAMs  the  oidial  elementa.  If,  tiictt, 
any  volatile  acid  or  alkalmc  elementa  are  origiiiall;  preaeot,  a 
dcvelopminl  of  dihet  acid  or  alkali  ma;  »cem  to  occar,  due  reslly 
to  alteiutioos  in  tlie  relative  proimrtious  nf  liie  products  incident 
on  the  cK)B[>c  of  volatile  compounds  and  not  on  any  iocrcaaed 
formalioa. 

A«  twlcd  alwve,  while  the  sappmsion  of  fungal  eleueol*  bjr 
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boiling  i«  oomplete  >nd  permanent,  an  abandant  drvclopinrat  of 
bactena  almost  iuvariabU  aftprvards  ocean,  even  tii  cucb  irlicre 
the  OTt-ale^l  precautions  uc  taken  to  secure  the  exclufiMR  of  rx' 
triosic  plemrut*.  The  folluviog  note*  wuif  recorded  of  th«  pht^- 
luimena  to  one  cas«  of  this  kind  :— A  portioD  of  conaal  excreta 
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ma  boiled  for  half  an  hoar,  and  t>et  whilst  boiliiifi;  in  a  motat 
chamber.  This  remained  closed  for  (orty-ciglit  haurv,  and  tht! 
■pedmea  was  lh<-n  cianiineii.  The  reaction  was  alkaline,  and 
tne  nirfacc  of  the  mcdinm  vaa  found  to  swarm  with  DiiuGtv 
artiTc  bacilli  (Fiff.  2).  On  the  following  diy  the  majority  of  the 
badlli  bad  pa»*cd  into  the  still  condition,  and  formed  a  thick, 
grey,  oream;  layer  covering  the  sarfaoe.  Ilie  iadivtdaa)  rods 
meaanrcd  aliout  S'o  f,  in  length.  Thcj  were  either  scattered 
finglj  or  were  aBsociated  in  series  of  two,  three,  and  sometimes 
of  four.     Tbeir  broa<lth  was  about  0-92  ft.    Uaoj  of  the  stiU 
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ona  had  already  passed  on  into  spore  formation,  and  in  doing 
so  ecemcd  to  bewmc  somewhat  shorter  and  thicker  (Fig.  3). 
Subsei{uriitl;  the  whole  of  tbem  awumed  this  condition,  and 
ultinuul;  tbe  baciUar  coating  was  replaced  b;  a  thick  gelatinoas 
layer  of  the  free  spores.  No  traces  of  Oieiium  or  of  other  fungi 
ever  maaifrslcd  thiniRclvc?. 

Daring  the  great  iiicn-aMi  of  acidity  occnrrtng  coineidcotly 
ritli  tbe  dercUipinent  of  Oiilium  the  xoospores  rspidi?  brcomo 
molioalen,  disintegrate,  and  di»api)«ar.  The  rate  at  which  they 
dii  M>  b  coriotuly  rapid.  Fmiuenlly  within  an  hour  a  portion 
of  tbe  material,  nliicb  al  liml  xhuwrtl  DHmerousclinnictcristic  and 
active  zooiiporeM,  retains  no  reco^  nia  Mr  traces  of  llieir  presence, 
and  ill  suuif  est!-  a  period  of  ten  niiuutea  if  xufiicient to  produce 
iDosl  marked  changes.     That  tbia  effect  is  not  to  be  ascribid  lo 
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dilutee  in  temperature  of  tlie  medium  is  demoiutratcd  by  tlie 
fHct  tltat  wh«D  iBoUtcd  portions  arc  ki^pt  snturat«d  with  suitable 
fluids  of  an  alkaline  nature,  tuch  as  tlic  fluid  of  cliolcratc  ex- 
creta or  solution  of  cow^dung,  the  zoospores  reUin  their  aclirity, 
and  cvm  increx^e  comiderabty  in  number,  due  to  proctwea  of 
divi^iioii,  for  hours  and  crcn  tor  days.  This  vas  most  cleulj 
shown  by  a  proloitgrd  series  of  Kxperimmt*,  in  which  the  phe- 
nomena in  such  oatitrati-d  {lortionii,  isolated  beneath  vover-glusca, 
vcic  compared  with  th»»e  ooouriinif  in  the  material  from  whieli 
thcj  were  dmfed  when  left  to  undergo  Ifae  nomul  course  of 
cbangea. 

A  certain  degree  of  coucentralioD  of  the  boHS  seems  alM,  ia 
moat  CMOS,  to  b«  eHwntial  to  the  continued  lift-  of  th« soosporex, 
s^  while  those  which  remained  in  the  interspaces  between  the 
solids  of  the  baais  continued  in  uiiinterTa|)ted  activitv,  others 
whiefa  found  their  way  by  their  own  muvcmet)t»,  or  by  the  action 
of  currents,  into  the  pertplieial  fluid  of  the  nrepaiationi,  at  a 
rul^  rapidly  went  through  the  aeries  of  chaises  previoiuly 
described,  and  passed  on  into  disintegration.  The  changes 
occurring  in  the  natural  basis  seem  to  be  completely  fatal  to  the 
zoospores,  ss  no  reappearance  of  them  was  ever  observed  to  occur 
after  the  medium  had  pa»e<l  on  into  tbe  alkaline  condition, 
thongb,  as  we  shall  gubse<|iietitly  find,  it  ia  tJiea  thoroughly 
■dap(«<l  to  tliem  when  arti&d&lly  iutroduced. 

The  zoosporea  are  not  tJte  only  infusorial  oi^aniams  whwh 
are  prejudiaally  affected  by  the  initial  fcrmcntivc  changes  occur- 
ring in  the  excreta,  for  the  smu'boid  bodies  and  the  bacteiia  are 
simiUrly  afl'ected.  hearing  the  effects  produced  on  the  former 
for  future  consideratioQ,  it  may  be  well  here  to  examine  tbon  in 
the  case  of  the  bacteria  a  little  more  cloecly.  The  Grat  point  to 
note  regarding  tbcm  is  that  the  phenomena  differ  from  tbooe 
observed  in  the  cue  of  tlie  zoospores.  There  is  no  eridtoce 
here  of  any  ccmplele  destruction  of  the  oi^nisms.  There  is 
BURly  a  temporary  suppreasion  of  development  succeeded  by 
exceaaiTe  activity  of  it.  The  phenomena  are  {tarallel  to  those 
oocarring  as  the  result  of  prolonged  boiling  of  ibc  nH-dium. 
Wliether,  however,  we  are  to  regard  the  subHcquent  devfJopment 
u  due  to  renewed  Mtivity  in  preformed  bacterial  elements  which 
have  merely  passed  into  tem|>orary  inaction  due  to  the  state  of 
the  medium,  or  whether  we  arc  to  suppwe  that  these  arc  d^ 
itruynl,  and  arc  to  regard  thoae  aubwtiurntly  nppeanng  ns  the 
product  of  spores,  remains  an  open  quesition.  la  any  case, 
while  then  ts  no  reappearanoe  of  zoospores,  an  excessive  ile- 
nlopmcat  a(  baclerial   elements  invariably  raeoecda   Ikat   of 
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bacteria  is  th«  cxcrcU,  it  trnj  be  noUd  that  the  rcaolls  of  the 
preacDt  MriM  of  observations  tre  eiilirelj'  opposed,  in  oertaiD 
rcsp«cU,  to  those  «t  which  Nieeli  appeua  to  bavti  anirrd  in 
Europe.     Id  his  work  '  Die  Dicdcren  Pilze  in  ihrc  Beziehunf^n 
zd  den  IJifcction«'krankb*iten  und  dcr  Gt^sundbcitspfle^,'  he 
affirms  thai,  although  bucteriai  elements  are  constaullj  present  in 
ytry  large  numbers  within  the  digestive  canslj  thej  are  invariibly 
ioaetive,  and  on  this  view  he  accounta  for  the  absence  of  01 
effects  coincident   with   a  coiisUiit  source  of  infection  of  the 
arateu  it  Ur^e,  by  witat  he  rfgards  as  paUiogetiic  aeenta.     He 
affirms  that  it  is  inconceivable  that  bacteria  should  enter  the 
ajrttem  from  the  digMtive  canal — "  teeii  tit;  ndmlich  m  Mayen 
uMdim  Darmtanal  tmtni  dareA  diejreiem  Sanren  danndurei  die 
8att«  der  GaUf  gttehicdcJki  wnd  ieKeguuyiuit/aiig  gemaeMt  tind." 
This  statement  can,  I  believe,  onlj  be  founded  on  genrral  prin- 
ciplea,  and  not  on  actual  observations,  unless,  iDde«cl,  the  latter 
ffive  very  different  mull*  in  Europe  from  what  thcjr  do  in  India. 
Id  India  there  can  be  no  doubt  that  the  lower  portion  of  the 
iotcsltnal  eaoal  very  frequently,  indeed,  normally,  contains  very 
krge  numbera  of  active  bacteria.     After  becoming  acquainted 
with  this  verj  sweeping  stalement  of  Nageli's  I  made  an  ex- 
tended  aeries   of   special    observations   on    this    point.     The 
remllB  arrived  at  were  as  follows: — A  very  large  j)roporlion 
of  the  alvine  excretal  matter,  on  ita  escape  from  the  body,  is 
composed   of   immense   accumulations  of  bacteria.     In    very 
many  oaaca  these  are  in  active  moiion,  and  in  olbers  brgin  to 
move  at  onc«,  whenever  a  suitable  fluid  is  employed  to  dilute  the 
bftsia.     Klovement  is  not  confined  to  cases  in  which  the  reaction 
of  the  basis  is  alkaline  or  neutral ;  it  vrry  frequently  is  present 
coinctdcntly  with  distinct  acidity,     fluidity   of   the  materials 
naturally  favours  the  movemcut,  but   the  capacity  for  active 
■orement   is   in  very  many  cases  merely  concealed,  and  not 
aiiaait  when   the   basis  ia    mnob    ooncentruled,   as  is  etearly 
shova  by  its  immrdtalc   occurrence   on   dilulion.     Oepreaaion 
of  temperatore  of  the  basis  causes  temporary  cessation  of  activity, 
u  demonstrated  by  experiments  conducted  when  the  air  tempera- 
ture WU  compaiativeiy  low,  in  which  rrpested  disappearance  and 
reappearancr  of  movement  occurred  coitiGJdenlly  villi  depresxion 
of  the  tein|>erature  of  the  material  below  that  of  the  bodv  and 
ha  ittbaeqBent  elevation  to  it,  the  movements  referred  to  Iteing 
not,  of  conree,   DH-re  molecular    movements,  which  might  be 
ascribed  to  movements  olablinhed  In  tbc  tluid,  but  active  darting 
ptogmaive  ones.    Tbe  addition  of  watex  to  tlic  basis  at  once 
eanaw  an  abolition  of  movement. 

It  moat,  I  believe,  be  due  to  the  effects  of  depretiton  of  tern- 
penrtwe  and  employment  of  ausiiitabla  media  for  dilution  that 


250 


».  D.  CUNMINCUAU. 


wktched  for  in  fetj  aaaj  cases,  it  was  oevcr  mcd  to  Uke 

In  manjr  normal  excrete  in  vbicli  Amabae  «re  present  in  con* 
sidcrablc  uumbcrs,  ihcy  aic  all  iu  t  rtate  of  ina«tivitj,  and  more 
or  leu  completclj  rncjrsted.  f  ii  »ucb  oases  they  may  freqaentW 
be  routed  (o  nctivitjr  hj  the  addition  of  suitable  media  irbich  are 
fouud  in  the  same  li()uiiis  which  have  been  already  indicated  as 
adapted  to  the  zoosporic  bodic*.  Htch  when  Kemingly  most 
distinctly  encysted  no  trace  of  an  envelope  is  left  behind  on  the 
emerecDce  of  the  Ajnu;b»,  the  cell-ffall  apparently  undergoing 
complete  reaclulion  during  the  procesa.  When  they  bave 
emerged,  the  Arouebee  do  not  exhibit  such  extmne  susceptibility 
to  change*  in  external  conditions  as  the  zoospores  do,  lor  Uwy 
may  often  be  sem  to  make  cxcunious  in  the  peripheral  xoue  of 
nutritive  lluid  in  ililutcd  prep&ratioas  witiiuut  shoving  any 
aymptoma  of  immediate  detnmeat.  Id  tomt  cue*  tlie  still  and 
encysted  Aoiffibse  present  in  the  excreta  cannot  be  roused  to 
activity  by  an  addition  of  nutritire  Hoid.  ' 

Like  the  zooeporcs,  the  Am<sba;  are  very  rapidly  affected  by 
the  changes  normally  occniritig  in  the  excreta  after  their  exit 
from  the  body.     Tlie  rate  al  which  this  occurs  is,  perhaps,  not 
quite  so  rapid  as  in  the  casi-Ji  of  the  zoospores,  bul   the  Anal 
result,  in  so  far  as  the  vitality  of  tbe  organum  it  ooucenied,  tsi 
the  same.     ^Vith  the  incieased  acidity  awl  the  development  of' 
Oidium  all  activity  ccaaea  and  the  o^nisniB  either  encyst  or 
break  up  and  dtwppnir.     When  cacystmctil  occurs  they  remain 
for  loUK  reotguiasble  in  the  mediam,  ami  may  often  be  detected 
in  the  ratter  ereii  after  the  acid  ferraentatJon  has  run  its  coarae, 
and  has  bt«n  succeeded  by  tbc  alkahne  one.     So  far  as  vitality  is 
concerned,  the  result  it  the  same,  hovcvcr,  whether  eDoystment 
occur  or  not.     Tbe  acid  stage  is  fatal  to  them,  and  they  never  , 
revive  with  the  developmi>ut  of  the  alkaliDe  one.     As  in  thej 
eaea  of  the  zoospores,  so  with  the  Amceba,  no  reappearance  ever 
taoDS  to  take  place  in  excreta  which  have  pasted  tbnugb  the 
acid  fcmieiitntioii,  unleas  due  to  the  inlroduction  of  extianeoos 
gems,  and  tliis  altliougli  the  medium,  w1i<:d  once  tt  has  become 
alkaline,  is  eininentJy  auitable  to  them. 

In  addition  to  those  which  can  be  reeognived  as  encysted  or 
■till  AmeebK,  there  ts  another  class  of  bodies  frrcfnently  present 
m  the  excreta  which  vtn  for  long  a  stibjcct  of  investigation  crei 
their  true  natore  could  be   determined.     Tuese  bodies  urr,   II 
believe,  identical  with  cert&in  of  tli«  hotV.^  ,-^o  obMrved 

by  Dts.  Snyne  and  Brittan,'  and  snh.-  Icscnbed  by 

JnftMtOT  Ualher  aa  spores  in  hie  celebrated  treatiM   no  thtJ 

*^   "Acooiuii  or  Cvruia  Oreanie  Cells  peculiar  to  Iks  riMiiiHuunin 
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fongoid    origin  of   cholera.^     Tlie;  ooDsUt  of    tphcrical    or 
elliptical  cella  of  various  sties,  ranging  froiu  3'it  to  9*2  fi  in 
dimeter,  and  &enuentljr  characteriseil  by  ih«  brightlj  refractive 
loQj  appearance  of  tbnr  contents  (Plate  XVIII,  fiqs.  20,  21^. 
This  latter  cluiracl«r  is  not  by  nny  means  ao  invariable  one,  liow> 
ever,  for  in  other  cu«s  tliejr  «re  finely  elou<led  or  molecular,  and 
vitfa  more  or  \e»a  distinct  vacuolalton ;  and  tke  pamge  from  tlie 
one  condition  to  the  other  maj  readilj  be  observed   to  take 
place  specially  onder  the  iniluence  of  cbangea  in  the  nature  of 
tbe  medium.    Ttiejr  appear  to  consist  of  a  very  delicate  mem- , 
bnnoas  s«c  enclosing  a  mass  of  varying  conlciiL' matter.     Thvjrl 
may  either  occur  scattered  sinely  through  the  bafia  or  may  b«j 
aaaociat«l  in  groups,  and,  in  tne  Utter  case,  may  sometimes  be' 
observed  to  be  connected  with  one  another  by  a  delicate  gela- 
tinous, iiitcrcellolar  b»8i«,  which,  I  take  it,  rcprtaenU  the  sttuc* 
tnrc  described  by  Hallier  as  the  aporogenic  cyst  (Plate  XVIU, 
j&g.  20j.     A*  a  rule,  tlicir  occurrence  is  asaociated  with  tliat 
f^sooapores  and  Amcebw,  but  iu  M>me  excreia  they  are  present 
I  apart  from  such  bodies.     The  nnmbet  present  in  the  excretaj 
daring  health  varies  very  considerably.     In  some  cases  of  intes- 
tinal disorder  they  are  present  in  increased  numbers,  bnt  never 
apparently  arc  tbcy  so  very  abundant  as  im  ctrtain  cases  of  cholera. 
In  the  normal  cicreta  iu  health  they  arc  very  transitor)-,  dis- 
appearitig  like  tlic  zoospores  very  rapidly  with   the  incnusing 
acidity  of  tbr  medium,  »o  that  «|irci[i)eii»  which  when  ijuitc  rtc^Jit 
'  showed  an  sbiiuilance  of  tliem  may,  within  the  course  of  twenty-J 
foDT  hours,  retain  no  traces  of  their  presence.     Like  the  2oa>| 
aporea,  too,  tbev  an  very  susceptible  to  the  inllueDoe  of  otL_  . 
cnangcE  in  tbeu  surroundings,  rapidly  ditappcaring  when  they' 
bappeucd   to  be  washed  out    into  the  ring  of   nutritive  fluid 
surroutiding  the  thicker  portion  of  a  preparation.     Owing  Uti 
their  rapid  disappeannce  from  the  unmixed  excreta,  it  ia  hopM 
less  to  attempt  tneir  coulinuoua  investigation  without  tbc  aid  of  j 
suitable  nutntive  media;  and  of  these,  that  wliicb  I  have  found' 
to  act  most  satUfactArily  is  the  solution  of  cow  dang  which  has 
been  already  mentioned  as  adapted  to  the  rcquirtmcnis  of  the 
zoospores  and  Amu:ba;.     Under  the  influenoe  of  this  they  may 
often  be  pmen-«l  for  scveml  'lay?,  aiid  continued  obaervatiooiiJ 
of  varioiu  developmental  changes  occurring  iu  them  may  tbtis' 
be  carried  out.     Tlie  results  of  such  cultivalicnii  seem  to  me 
to  have  clearly  shown  that  these  enigmatic  cells  are  reproductive 
bodies  belonging  to  the  AmtEhte,  and  fotmtng  a  connecting  link 
between  these  and  the  xoosporcs. 

A  snspicion  that  they  really  were  products  of  reproductive 
procesaea  occurring'  in  Die  AuHEbac  was  origiually  arouxcd  by 
>  '  iiu  Clwiani  Cciiti«ium,>  UifBg,  U6J. 
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certoio  ciue*  in  wliich  thp  frceh  cxcrclk  contained  AmcchK,  vilhin 
wiiidi  viajing  numbns  of  bodici,  iddUtingnubable  from  llicm, 
were  pre»ent  (Fig.  6).    Am,  howerer,  the  amtebte  were  in  aoin< 


Fia.  6.— L«tg«  excMUl  Amat*  ooiitAuiiog  tfonid  bocUm  X  lOOO. 

case*  itill  actite,  and  only  diffcicd  from  tlicir  compeent  ia  tt 
being  provided  with  a  distinct  nuclens,  it  apiicared  at  lintt  rery 
tlonbtlul  whether  llie  phenomenon  iras  uol  due  rather  to  the  in- 
KOtion  of  extraneous  bodies  llian  to  any  process  of  intrinsic 
devel^ment;  although,  on  ih«  other  hand,  it  ««mcd  strange 
that  in  ifolated  comb  such  an  ingcxtion  should  luive  occurred 
aimultancously  in  numerous  AmGcbie,  while  in  the  vast  majority 
of  cases  in  whicli  the  latter  coexisted  vith  the  sporoid  cdls,  no 
evidenc*  of  the  oocurreiKC  of  any  ancli  process  preaeated  itwlf. 
Foithor  obaerrationa  appealed  clearly  to  show  that  whatever 
interpretatioo  ooght  to  oe  pot  on  the  above  dewrib«d  pheno* 
tocnon,  the  sporoid  cells  really  are  develupcd  from  the  Amiebae. 
Tbe  pTOceat  of  formation  normally  occur*  coincidentU  with 
tli«  ettwHoa  of  aclhity  in  the  parent,  bo  that  it  is  jKasiblc  tliat 
in  tboM  cues  in  which  eporoid  cells  were  present  within  uclive 
Aauelw,  tb^  may  have  been  derived  from  vithoat.  As,  hi>w> 
over,  the  preparntions  in  which  the  plicuommon  was  obscrred 
hibd  been  tmled  with  nutritive  fluid,  it  is  quite  poanble  lh«t 
it  waa  due  to  an  abnormal  resumption  of  activity  in  Amtebs 
which  had  passed  into  the  preUininary  stages  of  reprodnctivt 
multiplication.  The  pbcnoinenun  ouy,  in  fact,  have  posaibly 
been  jMrallcl  to  tfaoae  ubaervcd  in  the  sdcrotia  of  the  Mrxo* 
mycetea  under  tlie  iuflaeooe  of  faTorablc  nutritive  condittoiu^ 
The  Plasmodia  of  the  latter  ornniams,  in  paaring  into  the  eclero- 
tial  state,  break  up  into  a  multitude  of  distinct  Bphcrea,  cadi  of 
which  is  cap^le  of  indflpendcst  activity,  and  of  emerging  a*  a 
distinct  amcnmid  body  when  separated  from  its  ncighboan  and 
itttrodoovd  into  a  fuitablt:  medium,  but  which  may  also  mell 
together  to  itfomi  a  common  i)lasn>udium  when  the  (c'crotio 
aa  a  whole,  i»  eipuaed  to  eonciitioQa  rnvoun'rig  iis  activity.  A 
tbo  whole  of  the  Iwdr-auhstanca  of  the  Amn-bo-  is  not  cx]>cLd. 
in  tbe  fomation  ot  utt  aporoid  cells,  a  |M>Ttion  rrmiiiniog  in  tl 
Ibrm  ol  a  comnraa  geJatiDoos  investment,  and  as  the  latter^  Ci 
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taiulj'  in  some  cues,  retains  a  certain  d^frrec  of  GontracUlJtjr 
anil  capacity  of  altering  its  fonn  for  some  time  after  the  forma 
tion  of  the  reproductive  cells  has  begun,  1  am  inclined  to  regard 
the  latter  explanation  of  tbe  phcnomcoa  in  tbese  exceptional 
caws  33  the  ime  one. 

The  procevs  of  tpore  foTmation  it  not  preceded  bjr  any  true 
eocfslment;  the  pnri-nt  body  merely  loses  ita  active  progressive 
movepients  and  fcirin-cliangm,  and  a  very  delicate  surface  layer 
heoom«3,  in  some  decree,  dilTereiitiated  apon  it.  Tiic  content- 
nibatancc  within  this  next  begins  to  dbnw  a  constriction,  divid- 
ing it  into  two  lobes,  and  a  gradual  cxtensioa  of  the  prooeu  etid* 
ia  the  separation  of  these  as  independt-nt  maizes  (Fig.  7).    Tlie 
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Fie.  7. — ForBMiof)  ol  sjioroidi  x  1000. 

entirety  of  the  material  of  the  parent  does  not,  hoircrer,  aa 
before  mentioned,  wrm  to  be  expended  thus;  but  a  varying 
amount  remains a«  ■  gelalinotis  intercdtular  matrix,  which  blcnda 
witli  the  anrface  layer  (V\.  Will,  fig.  iQ).  Under  rnvornbic 
eiroumstancta,  each  of  the  daoghter  bodies  originally  formed,  as 
dcMiibed  obove,  in  its  turn  divides  into  two,  and  in  thb  iray 
"onps  of  sporoids,  containing  tar^e  nnmbers  of  individual  cells, 
ay  DC  aettislly  observed  to  arwe  in  the  course  of  forly-eigbt  to 
rcnty-two  liours  (Fig.  8).    F.nch  of  the  bodies  thus  formed  by 


fia.  S.— (jniu|i  of  tjiandit  developed  frooi  u  AmoIw  x  1000. 
fivisiaa  acquim  a  delicate  investing  layer,  but  the  pr 
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division  may  undergo  arrest  »i  almost  anv  stage,  and  fasioa  ol 
the  partialljr  dilTcreDtiated  1>oi)i««  may  l^icn  lake  pUc*.  Tli« 
extreme  vuialion  in  the  the  of  the  »|)oroi(l«  to  difrerent  nereta 
thaa  finds  an  easy  eipLination  in  the  proccMes  by  which  they 
Bit  formed.  Where  the  processes  of  formation  go  on  undis- 
turbed in  the  tncdinm,  ns,  for  instance,  vbcre  the  development 
oecnn  in  specimen*  beneath  a  cover  glaM,  the  sporoid*  remain 
tggrcf^tcd  in  groups  embedded  in  their  gelatinouH  hosts,  and 
exactly  rcMnihling  those  de>cril>ed  and  figured  by  Uallier.  I>ue, 
ho*ev«r,  to  the  lenuitjr  of  the  matrix,  they  are  readily  detached 
from  one  another,  and  scattered  under  the  influeiKe  of  sUght 
mechanical  diiiturbances,  and  hence  in  the  excreta  in  their 
natural  condition  it  ta  rare  to  cucoontcr  any  save  isolated 
icdiTiduali. 

The  »poroid  C«1U  thus  arising  bj  prooeaaea  of  dirinon  within 
the  Amoebte,  ve  have  next  to  inqnire  into  their  subeeqnent  his- 
tory.    In  caltinrttoDS  of  excreta,  in  which  their  development  haa 
been  followed  thus  far,  no  farther  vital  change  appcus  to  take 
place  within  them,    'nie  medium,  sooner  or  uter,  seems  tu  b«- 
come  unsuited  to  them,  and  they  disintegTate  and  disspueat. 
It  is  different,  however,  in  the  caae  of  spores  which  have  Wn 
developed  within  the  inteAtinal  canal  of  the  host,  for  muty 
these,  when  exposed  to  &Torable  influcnoeii,  appear  to  give  o: 
to  zoospores.     "Hic  phenomenon  of  the  origin  of  the  Utter 
frequently  be  observed  in  specimens  of  fresh  excreta,  which 
been   treated  with   nutritive  fluid.     Under  such  circumstances 
media,  which  al  linl  contained  an  abundance  of  sporoid   ccUs 
and   110  zoofl{)ore9,  may  within  a  few  hoars  be  found  to  contain 
hardly  any  of  the  former  and  numben  of  the  latter  ;  the  pro- 
portion  of  zoospores  present  at  the  close  of  the  ooservatioa 
being  in  direct  relation   to   the  numbers  of  sporoids  originally 
ptesent  and  the  proportion  in  which  they  have  sabseqnenUy 
utsappc«rttd.     It  U  JilTtcult  precisely  to  follciir  the  stages  in  the 
process,  as  it  only  takes  place  in  the  thicker  portion!)  of  the 
preparation — the  sporoid  cells,  us    before   said,  Unog  rapidly 
destroyed  when  washed  nut  into  the  sarroonding  flnid — but  tho 
cell  wall  of  the  sporoid  seems  to  becom«  gradually  softened  and 
absorbed,  and  does  not  remain  behind  as  disliuct  ctst.     It  bs 
unfurtunatclv  never  been  i>o*siblc  continuooely  to  follow  out  tbi 
transition  of  aur  individunl  Amccbvc  into  a  man  of  *prirnid  celU 
and  the  resolution  of  the  latter  into  itoospores.     AmubsB  ban 
been  seen  to  give  rise  to  sporoids  in  some  cum,  and  the  origin 
of  souepores  from  bodies  apparently  iu  every  it»|we(  inden'i  "l 
with  tli«s«  has  been  observed  in  others,  but  a  link^iuitill  wn: 
in  t>i\li't  to  render  the  observatiun  qaitc  ' 

this,  howocr,   there  can,  I  beheve,  W 
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Amtfibc,  ipoinid  oells,  and  zoospores  really  cctiftitute  stages  in 
one  cvcle  of  derelapuieiil,  more  cspeciallr  when  certain  obserra- 
tions,  an  accouut  of  vrhicti  vill  be  met  with  farther  on,  are  taken 
into  acconnt.  Any  dirtct  oiigiu  of  Atwcbtc,  from  characteristto 
sporoid  cJU  in  human  vxctrte,  docs  nol  f««m  to  take  place. 

Allowing,  then,  in  Uk  iimntime,  that  iIk  chartictLTtstk  zoo< 
sporc9,  Amosbft^,  and  sporoid  cells  oocurring  as  ]>ani^itc$  within 
tun  huQinti  i!ig«»tive  caual  are  all  members  of  the  (level  opntcntal 
cvi;lt!  of  eihc.  specific  oi^oism,  liow  can  vre  account  for  tlie 
extreme  frequency  with  which  ihcv  arc  present?  Taking  the 
ver^  Kieat  susceptibility  of  the  organism?  to  the  intluciice  of  ex- 
temal  oooditioDs,  and  the  fact  thai  the  media  in  which  they 
cscKpe  from  tiie  body  seem,  as  a  rule,  to  undergo  changes  cer- 
taiuly  fatal  to  them,  it  appears  at  first  sight  very  difficult  to  do 
•0  satisfact<»ily.  Wc  might,  indeed,  taJcc  refuge  in  the  aDppo> 
sitiuD  that,  after  lli«  gernis  hate  once  obtained  wi  entrance,  they 
rvmatn  pcniMenlly  w-jlhiit  the  body,  giving  rise  to  ooustontly 
Fccumai^  j^i-rienktionH  of  the  parasite,  but  such  an  bypatbeds  ia 
hardly  cuu^i-tLeiit  with  the  fact  tbat  in  the  case  of  a  ^ven  indt- 
vidoni  they  may  appear  suddenly  after  constdcrable  intervals  of 
apparently  enlire  absence,  and  alter  penisting  for  varying  period* 
any  again  vauieb,  only  to  rea))pear  as  before  at  a  later  period. 
We  should,  therefore,  be  compelled  faithec  to  assume  that 
]>eriodical  i«tenttoof,  either  of  the  germs  or  of  ibe  developed 
(Uranisms,  take  pUec  sumenhere  within  the  body,  a&d  alternate 
with  ODcertoin  periods  of  discharge,  or  that  their  apiiearaucc  and 
disappearance  from  the  excreta  is  dotcrmiucd  solely  by  conditions 
in  tue  latter  allowing  or  preventing  their  persistence  in  the 
Donleiits  of  the  lowex  portion  of  the  digntive  canal. 

Whili-  allowing  tite  pus«ihilily  of  such  explanation*,  1  do  not 
regard  them  as  correct,  hut  believe  that  the  appearance  and  dis- 
appearanee  of  tlie  parasitic  forms  are  due  to  the  Bucc«saive  in- 
trodnottna  of  extraneous  clcmcjila  and  the  sahsemient  diwhaigu 
o(  the  result  of  their  development.  It  is  as  difficult  to  give  a 
dcOnite  opinion  as  to  the  pa-cise  source  of  these  urganisms  as  it 
is  to  »tate  whence  the  oidial  and  bacterial  elements  of  the  iutc«- 
tiitnl  contents  arc  ilerived.  They  are,  as  has  already  b«en  puiuted 
out,  almost  constantly  present  in  varying  numbers  in  the  intes- 
tinal citial,  and  are  in  all  probability  introduced  vith  ingesta  of 
various  kinds. 


II.  T^€  Inteitinal  Monad*  and  Ama/>T-  of  ChtM  and  Horte*. 

It  is  now  more  than  five  ycnr«  since,  whiltit  studying  the 
development  of  PiloMm  cryitttldnut,  I  first  encountered  what 
it  ap{<ear8  may  W  regarded  a*  the  perfect  fructifying  or  icprn- 
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duclive  bodies  of  these  intestuul  organums.  Id  b  «pccUiM:n  of 
recent  coir  Aang,  which  h&d  bcm  rcsrncd  in  k  moift  cluuoaber 
for  twcnty.foiir  houre,  the  surface  wn*  foutiil  to  be  »tu<t<le(l  with 
a  multitude  of  miiiut«  glifteiiing  whitfi  sphemlea,  adhering  to 
projecting  points  of  the  basis  (PL  XVIII,  fig.  I).  At  first  sight 
Uiese  were  regsrded  aa  basal  dilatations  of  PilololHt,  iii  which 
an  abnormal  »iip^«wioii  of  colouring  had  occunfd,  bnl  on  sab- 
tnitting  them  to  nueroscoj^ic  cxamiiiatioii  this  wu  found  not  to 
be  the  ca«e.  Thej  were  entirely  unronnivtei)  with  the  tnycelial 
tubes  of  the  fungus  which  subt>ci|iienlljr  produced  aji  abimdsnl 
crop  of  normal  frurlification,  and  di^  not  rcMHible  the  basal  dib- 
taliona  in  structure,  consisting  of  a  membruicoa*  sac  crowded 
with  spore-like  bodies.  These  were  circolar,  AfUtencd,  and 
btODDcavrj  closely  resembling  red  bIood>cor])usclej>  in  general, 
npcanuice.  On  being  inlrwliioed  into  a  solution  of  coir  do 
they  rnpiilly  became  spherical,  a  contractile  vesicle  appearci 
within  theiu  aad  began  to  paU«t«,  and  tJiey  sooner  or  Uterj  as 
rale,  gave  exit  to  minute  amocbol  bodies,  which  crawlcxl  off 
freely  in  the  lluid,  generally  leaving  a  delicate  eyst  behind  them 
in  doiog  so.  In  other  cbscf,  however,  in  place  of  facing  resolved 
into  Amccbie,  they  appeore^l  to  give  origin  to  flagellnle  zuosporic 
bodiei.  LSimilar  phenomena  were  observed  at  varioo*  subMqueot 
periods,  and  the  spontngic  )>o<li<t«  being  not  unnaturally  regarded 
as  representing  Bomc  low  .Myiomycete  fom],a  repeated  butftilile 
aeaicb  was  roiulc  for  the  presence  of  pla»modia  corretpooding 
with  them.  Subsequently  the  appearnncc  of  Ihrfe  spoiangic 
bodiea  came  to  be  recognised  as  a  normal  and  slmtwl  invurinble 
event  in  specimens  of  cow  dung  referveil  for  the  study  of  sterco- 
reoas  fungi.  The  essential  condition  ensuiing  their  appeamnce 
sectncd  lo  be  that  the  basis  should  have  been  secured  and  set  fat; 
cultivation  whilst  still  ijuitc  recent,  older  samplrs  almost 
variably  failing  lo  produce  a  crop,  or  only  producing  a  vcr; 
scanty  one.  As  the  result  of  numerous  experimuntA,  it 
ascertained  that  the  appearance  of  these  sporangia  preceded  thai 
of  any  other  form  of  fungal  frnctiftcatios,  occurring,  as  a  ml 
within  twenty-four  or  forty-eight  hours  from  the  coouni  ncemeoi 
of  a  cultivation  of  perfectly  {m\\  mntcrial,  and  Uing  cuceecdeJ 
hy  that  of  various  fungi  in  tlie  following  order: — I'lUboia*  er^i- 
taltinM,  AKodotiu  to.,  various  specie)  of  Ojmnoiuci,  J'fti. 
vp.,  Coptimtt  sp.  These  fungi  may  be  regarded  as  the  regul 
and  almost  invaiiable  malts  of  the  cultivatiou  of  fresh  cow  uui: 
in  this  part  of  India,  while  occasionally  other  forms  are  intcrjio? 
latrd  in  the  terie*,  ns,  for  instance,  a  SyneepiitiU,  wbidi  snme. 
times  attacks   the   PHo&oii*.    Taking    the    ncrmnl    '  f 

developmimts,  the  sequence  of  erenti  b  shown  in  the  i 
table; 
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Seqvf)ux  m4  Periifd*  i^  Devtiopmeni  0/ Fructi/cationt 
appearing  on  I^ai  Gov  D^ag. 

Wklle  tponmgik    ....  after  3(  iMiin. 

fSobolu  CijtUllinu                                 .  .,    72    .. 

Awoboln  »p.        .  KOoitX,  S  d*;*. 

VBrioai  Gjnnoucal  forKt.                       ■  >.           .> 

J'etiit  »p.  .                                               .  «      ft    ., 

Copriaus  tf.          .           .            .            .  ,,      3  weeks. 

Kurllicr  inrcsti^lioDtt  vko«(<l  thni  Ibe  occurrence  of  ihete 
iipomigia  vx*  not  Hmileil  1»  cow  dtiog,  but  hI»o  frequently 
occurrwi  on  horse  iluiig  too,  where.  «•  on  the  other  iiM-dium, 
it  [ireoedcil  lliat  of  fi/oiofut,  or  other  fcirm-i  of  macorino 
fanffi. 

Even  after  the  study  of  tbcs(^  sporangioid  bodies  was  specially 
undcriukni,  it  was  not  niitt)  .iftvr  oianv  mouths  of  continuou!) 
invc^li^lioD  that  tbcir  true  nature  and  modu  of  origin  wcta 
Mti«fa4;toril/  detf-nninrd,  and  that  tbcir  relatioD  to  urgBuiims, 
fecRiingly  identical  with  the  parasitic  zoo3pon^i  and  Amoebn  of 
the  human  excreta,  was  ascertained.  In  >tud|in^  thih  develop- 
ments  normally  occurring  in  reserred  .ipecitnens  of  cow  dung  ae 
compared  with  human  excreta,  one  of  the  moit  contpicuooii 
(tiffejences  presented  by  Uie  media  is  that  the  former  has  no 
tendency  to  pass  through  tfac  acid  fermentation  so  constantly 
affecting  the  Utter  wrdtum.  Perfectly  fnfh  specimena  arc 
either  nciitml  or  faiutly  alkaline  in  reaction,  and  when  kept 
UDiler  observation  exhibit  a  constant  progresaire  developmt-ul  of 
alkalinity,  so  as  to  become  strongly  alkaline  within  twenty-four 
or  forty-eight  Itoura — a  condition  which  thty  retain  for  indefinite 
subKijucnt  periods.  Another  point  distinguishing  vaccine  from 
human  excreta  lies  in  the  relative  amount  of  bacterial  elements 
originally  pre-sent  in  litem ;  for  while,  as  we  have  already  seen,  a 
very  la^  pruporlinn  of  the  mass  of  the  latter  medium  in  formed 
of  uiese  elements,  the  proportion  of  them  present  in  a  developed 
form  in  the  former  anpears  normally  to  be  rcry  small.  Fartber 
when  the  medium  fDllows  a  normal  course  in  rcFcrcncc  to  the 
organic  developments  occurring  in  it,  there  u  at  no  period  that 
rxcnsive  muUiphcnlion  of  bacterial  elcmenta  so  characteristic  of 
IJm  btcr  staged  of  decouipoHitiou  in  human  excreta,  the  numbers 
and  snccKiMiun  of  fungal  orgauiams  appearing  to  a  great  extent 
lu  exluust  the  nutritive  propertifs  of  the  basis.  The  two  com- 
monest forms  of  ksclcria  occurring  in  cultitation*  of  cow  dung 
arc  shown  m  the  aeconipanying  6gures  (Figs.  'J,  IV). 

Itic  evidences  of  exhaustion  of  the  bxnis,  in  so  far  as  concerns 
certain  of  the  orgtinio  developments  irliieb  buvc  occurred  in  any 
abnodancc  of  it,  u  uuequivocal,  each  of  them  appearing  in  ila 
torn  anil  then  abMlnlcty  and  permanently  dying  out.    The 
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phenomenon  is  specially  mtrkcd  id  refcreoce  to  the  sponuigtoid 
bodiei  and  Pitdotiu,  which,  as  wo  have  alnady  Men,  are  the 


FiA.  ff. — Lug*  font  of  llactciiuiD  common  in  cov  dung  x  1000. 


FiC.  10.— Siender  BicUriunt  aomnaoii  Id  c ow  dnag  X  lOOOf 

first  forms  vbicli  make  their  appearance.     Crops  of  sporaitgui 
Bie  rarely   produced   for   more  tluui   two   or,  at  utmost,  three 
Ant,  and  crops  of  Piloboltu  for  more  than  six  or  Mven,  and  in 
thi»  case  it  is  only  for  two  or  three  that  the  devdopment  is 
bbuiKlsnl.     We  have  an  enarmout  primary'  production  of  repro- 
iluctivc  bodka  and   an  absolute,  or  almost  absolute,  failure  of 
any  further  ilcrri-lopmcnl  due  to  th««e.     Where  the  printarjr  crop 
haa  been  abunduul,  it  if  rery  questionable-  whether  the  repro- 
ductive  ctenicnts   then   prouucexl  erer  germiiute  in  the  same 
medium  in  which  they  were  produced ;  for  altliough,  as  before  i 
said,  successive  crops  of  frnctillcation  appear  for  two  or  three 
days,  these  apparently  all  belong  to  one  ^neratioo.     This  cer- 
t.iinly  is  the  csk   in  no  fur  as  Pilobolns  is  concerned:  there  isi 
nu  eriiji-nco  of  successiie  geuenlions  of  mycciia,  onJ  tbe  snc-l 
ccuive   crops  o(  fruit   are  in    many  case*  visibly  the  result  ofl 
unequal  rapidity  in  the  deTctoproent  occurring  in  basal  dilula- 
tjons  conteunporaneouily  dcvelojwd.     lite  phenomenon  la  clearly 
one  of  exhaustion  of  ftic  nutritive  basis,  and  not  due  to  defec- 
tivij  umninal  PH*ri[T  or  the  rr  product  ivr  elrmrnts;  for  wo  have 
f  lIiRQ)  ('I  '^»ix  to  secure 

li  ■  ■   "I'menl.      'v.  nrv  hn);!*   He 


fliui  ttie  sonact^  covered  with   masses  nf 
totally  incapable  «f  farther  derclopment 
(here,  wi-  Lave  Duly  to  trtnsfrr  a  few  nf 
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lan»  in  onler  lo  secure  an  abun<lant  production  of  *  fresh 
geiieralion.  This  ia  of  course  uil'tvIv  the  parallel  of  what  we 
find  occurring  in  regnid  to  Uic  Oidium  ana  bnctcria  of  liuman 
excreta,  whrxc  a  solitary  and  cxccufiive  <ievf  lopment  of  the  orgao- 
iaiD»  occnn>,  lertninnting  in  tlio  produclion  of  innumerable  re- 
productive elentenlii  incapable  of  germination  until  transferred 
to  a  fmh  mediam.  In  the  case  of  cov  dung,  wc  crrtainlr  cannot 
■Mribe  the  failure  of  excessive  bacterial  dcviAtujiment  to  exhaus- 
tion b^  or^uisms  of  the  xniiie  nature;  but  the  vnriiTtv  and 
nicccssion  of  other  orgnnisius  wliichare  dereloped  majr,  perhaps, 
pnctiealljr  produce  a  Mmilar  result. 

While  rrewh  cow  dung  is  relativelj*  deficient  in  bacteria,  it  is 
by  no  means  devoid  of  distinct  or^nisms  generally.  On  the 
contrary,  we  find  it  almoet  invariably  containing  a  ven,-  large 
namber  of  xooeporoid  bodies  (PL  Will,  fig.  17),  and  some- 
times  smaller  numbers  of  other  infuMirial  forms  of  various  kinds. 
After  proluugcd  study  of  the  zoospores  under  various  circum- 
stances, I  nm  unable  lo  indicate  any  constant  dilTerences  to 
dtftliiguifli  them  from  those  of  human  excreta.  Like  the  Utter, 
they  exhibit  numerim.'>  varieties  in  form  and  in  character  of 
movements,  but  nous  of  these  are  pecniliar  to  tbem.  They  seem 
nW  III  be  similarly  affected  by  reagents  artificially  added  to  the 
ba^is,  or  bv  spontaneous  changes  takingpUoc  in  it,  aud  altogether 
there  can,  1  believe,  be  no  doubt  of  ibe  identity  of  the  organism* 
IB  both  media.  Although  w>  constantly  present,  they  may,  tike 
tboM  of  the  fauman  excreta,  readily  escape  detection,  unless 
notable  prwnuticns  are  taken  in  preparing  tlic  spccimcDB  for 
•xamination.     A  dilution  of  the  basts  with  pure  water  is  frc. 

aoently  *o  rapidly  fatal  to  them  as  almost  entirely  to  conceal 
leir  presence,  and  even  other  solutions  more  favorable  to  them 
must  be  added  with  cauliou  so  as  to  avoid  too  abrupt  a  change 
of  conditions.    The  be^t  method  of  treating  preparations,  with 
a  view  to  their  dtfection,  is  to  nprcad  out  a  minute  portion  of 
the  lissis  in  a  thin  layer  on  a  slide,  then  apply  a  cover  giat^,  niid 
'  'Slaving  first  focussed  a  field  containing  a  view  of  a  jKirtion  of  ' 
lie  margin  of  the  layer]  to  introduce  some  strong  solution  of  i 
ibe  Bsme  dnng  from  which  the  specimen  was   procured,  and  ' 
which  haa  been  prcTiousiy  filtered,  boiled,  and  nlloned  to  cool. 
Oji  dning  thu,  the  organisms  may  be  ob«ive<l  e-roerginp  from 
the  margin  of  tlu^  basis,  and,  after  awimming  actively  in  the  \ 
fluid   fur  a  short   time,  graduidly  passing  on  into  the  series  of  I 
locribed  asnccuning  in  those  of  humau  excreta  under 
.rcnnutanccs.     Iler',  tt>o,  wo  find  that  those  which,  m 
kpbre  ui  emerging  into  the  pvripheral  fluid,  enter  some  of  the 
■tnterstitiai  spaces  existing  between  the  aotidsof  the  basis,  relniu 
their  vitality  mach  longer  than  their  neighbours. 
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Tbe  namber  of  soospom  which  may  b«  detected  in  this  wa^ 
w  in  many  cases  very  remarkable.  Tlie  size  of  individul  spoci- 
taea*  vanca  ntucb,  which  ia  no  doubt  greatly  dependent  ou  the 
frequency  with  which  proct^ca  of  division  recur  id  them.  Very! 
often  Ibcy  measure  about  10  fx  in  length  by  5  or  6  fi  in  breadth. 
The  number  of  flagella  vitb  which  lliev  arc  proriilcd  also  varies 
from  sue  to  three  or  four;  wbilvt  in  full  actirity,  neither  nucleus 
Dor  ooulraclile  vesicle  can  be  detected  as  a  rule,  and  after  treat- 
ment  with  Liquor  lodi  they  may  or  may  not  exhibit  a  nacleoloid 
particle.  The  latter  rea^nt  generally  induces  a  [lecuhar  aeries 
of  phenomena.  The  body  j^adually  loses  its  natural  fusiform,  i 
or  pear-Ghnped  outline,  and  becomes  circular  and  motionless. 
Shortly  after  it  ha»  ci'ued  to  move,  a  large  vcvicuhr  protrusion 
is  emitle<l  at  one  or  other  point  from  tlie  somewhat  granular 
body,  and  general  disintegration  soon  seta  in.  There  i»  no  evt- 
denoe  of  any  diflerentiated  surface  layer,  and  the  flagella  appear  | 
to  be  merely  transitory  and  changeable  protrasions  of  tbe  pro- 
topUsm.  The  point  opposite  to  Che  flsgellar  «ite  seems  to  be 
that  tlirough  which  nutritive  matt-nalt  arc  absorbed,  the  body 
becoming  altuhed  to  forrign  particles  by  it,  and  being  som^ 
time*  dmwn  out  in  consequence  into  a  caudal  pr<)CCM  or  nlamcnl  i 
of  variable  magnitude.  All  the  characters  which  tbe  zoospoKs 
here  present  are,  in  short,  identical  with  those  occurring  in  the 
human  parasite.  The  processes  of  multiplication  are  also  simi- 
lar, consisting  in  trausnnc  division  preceded  by  diminution  or 
temporary  arrwtin  activity,  and  the  phenomeiui  altrnding  dim- 
inished vitality  and  disintegrative  dinpjiearance  follow  the  nme  < 
courM. 

AVbilc,  however,  the  human  and  vaccine  paraaitcB  appear  to  be 
identical  in  nature,  their  presence  in  the  excreta  i«  followed  by 
ditfercul  results.     In  the  case  of  the  human  parasites  wc  have 
ulrcjidy  seen  tlial  a  rapid  and  complete  process  of  destruction ' 
setf  in  coliicidriit  with  the  changes  normally  occurring  iu  their 
medium  after  its  exit  from  the  body,  but  this  does  not  hold 
good  iu  the  case  of  the  vaccine  parasite.     Tliat  it  docs  not  is . 
probably  due  to  the  absence  of  any  (rrnieulire  cliangn  in  the 
inediuio  com'fl)<oiidii]g  with  tbe  acid  development  coincident  with  j 
tliv    appearance  of  Oiiiium.     Id     place  of    dbajipearing  from 
the  medium  the  organisms  in  the  cow  dang,  after  coQlinuiag  lol 
multiply  by  dirisioo  for  some  time,  seem  to  pass  on  to  fui thcM 
tttiBft  of  ilevelopmrnl  thronitb  whuh  itiey  arr  cjuIiIinI  In  t{ivcl 
' '         ■      ■  'on  I 

n.'  .        ■  ■  ■  ■  ■■     'HoJ 

thi«,  !o  reauiig  (orio.i  eapui^le  «t  reiieweil  aeiivUj  an  aj;ain  on- 
counteriDg  favorable  conditions.  The  fully  developea  repro- 
iluctive    bodiea  cunaist   of   the    njioniu|(ia,   which   have    bevii 
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aiittAf  mentioiwd,  llie  testing  conilitioiu  lire  repri^Hpnled  br 
eoervted soofpores ormudi  morelrequeutly  by  enojrttol anuEboid 
bodiefl. 

Tbe  toUowiaff  notes  recorded  is  refcrftice  to  Ibc  phenomena 
obeerred  in  a  tpednicii  of  cow  dung  arc  (^cnerallv  tjpical  of 
Uiosc  in  Qum<.-roas  other  »pcriiiiLiitg  of  a  f^imilnr  nnturc.  Some 
pcrfccl])-  fmh  cow  dung  was  prucurod  and  aet  in  n  moist  cluim- 
rm  ul  10.30  n.m.  Tbe  msU-rial  wiu  raotst,  faintly  alkaline  in 
reaction,  and  swarmed  with  la^e  actiTe  zoospores.  I'lve  hours 
later  a  second  preparation  was  taken  from  the  apedmcn.  In 
thU  an  CTcn  prcati-r  noinlwr  of  active  iwoaporcs  was  present 
than  in  the  fir»l,  anJ  a  certain  numb«r  of  still  ones  was  alsci 
recvgnisablc.  A  third  pr(-|iaration,  procured  !«v<-n  hann  later, 
sboveil  no  active  ]'.oo«por<!:<  but  an  abundance  of  still  ones  of 
oral  and  rounded  form.  Aft«r  anollicr  interval  of  six  hours  a 
fourth  spedmen  vos  taken  and  found  to  resemble  the  previous 
one  in  character  save  that  a  distinct  oontfactile  vesicle  was 
visible  in  many  of  the  cclla.  At  this  time  (dawn)  no  signs  of 
aporaiiKta  were  visible,  but  a  few  hour?  suWquently  Ih^y  ap- 
peared m  great  abundance,  while  prri>nrntion»  of  the  ba»is  showed 
au  abunJauce  of  octire  amoeboid  bodies  of  various  size«i  raii[fing 
(ram  that  of  the  still  zoospore*  upwards. 

Siinilar  phenomena  repeal  thnnselTes  with  monotonous  uni- 
formity in  eucceuire  experiments.  Again  and  again  we  find  a 
bxsia  abounding  with  zoospores;  increase  in  the  numbers  of 
Uieae  bodin  for  some  time ;  a  cessation  in  tbcir  activity ;  the 
appearance  of  mulliludi-s  of  bodies  af^rccini;  in  siac  ana  form 
wiih  the  inoclive  zoo*]K)res,  but  characterixsil  by  the  preacoce  of 
a  contractile  vesicle;  the  emergence  and  growth  of  tlicM  as 
active  smajhoid  boJies  and  the  appearance  of  sporangia.  That 
ibc  bttcr  are  certainly  the  product  of  the  union  of  the  amccboid 
bodira  Is  clear  from  Ihc  result  of  other  obseTvations,  bul,  as 
Dece«*an1y  is  thi-  cn»c  in  all  massive  cnllirntionx,  the  evidence 
conneding  tlie  xooajKiren  originally  present  with  tlie  amtcbuid 
bodies  subscijucntt;  appearing  remains  imperfect.  That  the 
(elation  is  one  of  identity  is,  no  duubt,  rendered  probable  by  the 
&cl  that  the  excrela  in  the  fresh  condition  never  show  any 
proportion  of  amucbuid  bodies  or  of  slill  cellule*  cajMble  of 
aocoanting  for  the  enormous  number*  siubsequently  present, 
unless  au  exces^ivfly  rapid  uiulti)ilica1ive  division  were  assumed 
to  take  place  from  the  scanty  supply  originally  present.  An 
RSBHiuptioa  of  Uiis  nature  is,  however,  enlirrty  devoid  of  any 
sflpport  from  obseiratioii,  as  any  division  of  the  ammboid  bodies 
pmvtouB  to  sporaugic  formation  never  appears  to  oc<:ut.  On 
tho  other  hand,  wc  have  the  zoospores  present  in  abiiii<lance 
frum  the  uut«ct,  and  capable  of  very  rapid  multiplication  by 
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contiaGtilr  wmle  U  nt  oucr  iti.->liticll)r  viiibtr  «ithiti  thpin;  in 
oUkts  such  a  »lructuii;  can  oiilv  be  detccU-ii  tcilb  extreme 
difficult;,  aod  iu  sUU  others  it  appears  to  be  fibocDt.  The  same 
incoDttsiu:;  aeeias  to  prevail  in  regtrd  to  the  presence  of  n 
nucleus  and  nucleolus.  GcDerally,  I  believe,  a  clear  nuclear 
Mttm  ifl  nsiblc  at  a  comparatively  «rlT  stagi;,  but  a  dilTerenliated 
DOoleolas  oftcu  does  not  appi-ur  until  much  Inter;  when  it  does 
appear  il  ti  as  a  lUUened  circular  disc  in  tiie  nucleitr  area.  The 
rate  of  growth  in  the  AoKebiG  and  the  size  ultimately  attained 
crc  Uie  occurrence  of  sporangic  formation  varies  very  much, 
apparently  in  accordanee  with  the  uatorc  of  Ihc  taediam.  In 
bvorablo  case*  it  is  wonderfully  rapid,  and  where  the  growth  is 
considerable,  it  is  usuidir  associated  with  further  development 
of  the  oocloos  (PI.  XVUl.fi^.  10).  A  division  of  the  nucleolus 
DDcnrs,  and  the  resultant  bodies  move  somewhat  apart,  so  that  a 
parr  of  grvenish  discs  replace  the  origiaaUy  solitary  one. 
Fartlier  than  this  the  uuclnr  area  seems  to  become  duTcren- 
ttatcd  from  the  rest  of  Ui«  body-substance  by  a  boundor)-  Uyer, 
tnil  a  cross  pariition  of  simitar  nature  pasKs  hiwurds  to  scpnratc 
the  nucleoli  (PI.  XVIll,  tig.  15). 


fw.  11.— CoRiiuM  hoKcim  X  ISO. 

The  chanctcrs  of  the  muvemeut  also  rary  greatly  in  different 
■pecitnens,  and  in  one  and  the  same  specimen  at  dUTerent  times. 
Sometimes  it  is  of  a  free  flowing  character,  the  organism  moving 
rapidly  forward  by  means  of  sncceuive  protrusions  of  it»  Mub- 
elonce.  In  other  atan  we  Bud  soch  movement  alternating  witJi 
a  more  sluggish  action,  in  which  the  body  presents  an  irregularly 
lobcd  or  comnate  form,  and  only  gives  origin  to  limited  exten- 
sions (fig.  11).  This  condition  frequently  seems  to  coiocidc 
with  defective  ntttrition,  as  ike  addition  of  fresh  nutritive  matter 
will  often  cause  il  to  be  exchanged  for  freu  progrenioo.  In 
still  other  casi-i'  again  the  body  assumes  a  peculiar  flattened 
icalc-like  ooiidilioii,  adhering  by  oue  surface  to  the  glass  of  the 
slide,  and  moving  fonranl  with  a  slow  gliding  motion,  a«com- 
putied  witti  coiniiarnlively  little  change  of  form  (Fig.  12).  In 
socb  cases  the  free  sorflM^c  often  show*  curious  linear  markings 
doe  to  the  presence  of  longiludinal  tiiidteiied  ridges.    Three  dis- 
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liDCt  ueM  appear  to  be  prcseot  in  the  body  in  tfaia  >Utc ; 
hftve  Qrsl  a  denw  granular  cvnlral  portion  CQUEtittiting  Ibe  sul 


FlO.  li. — AtKcba  in  cpilticlioid  otxe  aitti  ditiiiing  luulcolu  X  lOOU. 

steiKie  of  th«  rid^  Bod  the  tbicker  portions ;  beyond  Uiis  t»  «- 
bighly  refractive  urea  dwoid  of  grando,  and  cs'tmial  lo  tbis 
again  is  a  delicito  tenuous  laver  of  the  |)rotoplafm,  oftcs  onlj 
dutiogaisbablc  with  difficulty  from  tb«  surroanding  mciiioin. 
All  Uic  vital  proceaaes  tfvm  to  be  carried  on  in  aueh  caac*  with 
extreme  slownesa.  Tlic  coiaracttlc  vehicle  dilates  verj  grada- 
all;  and  often  oolj  undergoea  impcrfMl  obtitcratioii  on  contrac- 
tion, or  it  m»j  icauin  abwnt  for  prolonged  mid  uncertab 
iDtervali.  In  oilier  aaea  it  nataa  to  be  riffidlj  fixed  in  full 
dilatation.  In  appearing  it  sometiinca  ia  <!evdopcd  bom  a 
single  centre,  in  other  caacfl  Mveral  minor  vesicles  appearand 
fciiii;  into  ouo  aa  tUey  !ncreft«  in  siw.  GranaUa  of  nutritive 
niiilter  are  ingested  and  rrcjiiciitij'  accuinulntf  in  spherical 
nasKs  williin  vacuolar  upw-cs  tilled  «ritli  tliiiii.  In  other  caM«, 
however,  Uicy  are  ifreguiari;  diffused.  Wtieu  lu  full  activity,  a 
coiutant  succession  of  fluctuating  vacuoles  is  present  in  Ifae 
body-Hub^tance.  In  some  cases,  and  sjipatcnilj'  connected  with 
or  pn^aratory  lo  the  rMolotion  of  tbe  oody  into  a  oolleetiun  of 
•poroid  rejtro'ductive  bgdica — a»  it  im)y  nccnrs  where  they  Lave 
OMaed  to  move  and  have  Wc:ntue  aggregated  in  aporangoid 
uaases — the  Urge  AiuixIug  in  place  of  showing  al  utmoet  two 
largo  nucleolar  bodiea  as  they  noriiLslly  do,  contain  from  tliiee, 
to  eight  uf  sinallet  site  (I'l  XVUI,  Gg,  H),  From  the  appcar-j 
uice  and  arrangemrnt  of  th(«e  in  diiTcicnt  cases,  there  eaal 
be  no  doubt  thai  the  uicreas«d  numbers  ore  due  to  repaated 
binary  liiviiiioD  <if  ihf^  naclcoli  urigiually  present. 

The  sixe  tif  >he   iVinii.-tjt«  aiid  tmclei  paries  so  extreradjr  m 

hdilTacnt  cases  and  at  dilieTcnl  ttroci  that  it  is  impo^Jile  tu  gin 

'•ny  useful  average  meaBnn-iiirniji.     They  very  frwiutntly,  when 

in  an  irtegolarly  maml  jd,  measure  fram  15  to  25  it  tnjj 

^diiuDetfr,  with  nucleoli,  •■.m-n,  riben  paired,  han  a  dtanictcr 

-j/t,  and  vhcu  iu  lii^  aumbcn  mcasutc  only  half  aa  much  i 
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After  contintung  to  progrns  tlirougli  the  mudium  fur  varinbte 
periods,  the  AtDcclMc  eilluT  cetuclo  move,  nii(]  Kniaining  more  or 
leu  tn)lnU!d,  become  ctic/^ted,  or  hecouiing  aggr«^ted  into 
mun*  give  origta  to  sporangia.  Where  they  are  present  in 
BtmndaBCc,  and  where  the  conditions  of  ihc  medium  arc  nnfa- 
voraUle  to  spotangic  devclupmcDt,  the  aocumuUtiun  of  en* 
cjsted  bodies  ou  the  (Uffncc  often  coven  the  medium  with  a  fiue 
grcyifh  bloom,  which,  uril<M  cluwJjr  exmnined,  may  readily  be 
ascribed  lo  the  presence  of  mjcellal  elements,  'llie  cncjstcd 
budieii  are  either  quite  free  or  arc  associated  in  litllc  gtoupf  mid 
knots.  As  B  ralp,  no  further  chonge  appears  to  occur  within 
ibem,  and  Ihcjr  remain  unchanged  for  tndeGnitc  pcriDdK,  readj 
la  nrame  ftclirity  when  favorable  conditions  again  present  thcm- 
Bclrc*.  In  place  of  becoming  enc/slfd,  however,  wc  nonnally 
6nd  tliea  Amcebn,  afler  soioe  time,  becoming  more  sluggifb  in 
tbcir  movements,  and  adhering  to  one  another  in  pairs  or  groups 
of  various  ^izcs,  the  union  becoming  very  iiUimate,  and  in  some 
cases  nroceediug  to  vucb  a  degree  of  apj>aienl  fusion  that  vfc  are 
ouljr  able  to  eeciniale  tbe  number  of  individual  elemcnti  entering 
into  the  formation  of  a  group  by  the  number  of  nuclei  or  of 
rigidly  dilated  contractile  vesicles  which  may  persist  (t'ig.  13). 
This  phenomenon  i^  so  far  parallel  lo  that  occurring  in  the  case 
of  raTioOK  Ilhi/.i;podous  organisms^  i^ucb  as  Aefino/tirjfi  toi,  &c., 


Flo,  13,— (-■  '  -kIj  rormod  o(  Ibree  cwja)(at«  Aco«i»  X  lOIKI. 

but  the  results  following  adhesion  and  union  rather  resemble 
those  following  the  formation  of  I'hismodia  in  Mysomjcctcs,  as 
the  formation  of  the  cumjwund  body  is  distinctly  ihu  antecedent 
lo  '        *  iiii.lhe  protoplasmic  material  brooming  in  greater 

p;  Id  a  mass  of  Spores  or  reprwluctivc  celU,  while  a 

oerittiu  amount  of  it  remains  aa  an  investing  and  intercellular 

ViiL.   XXI.  — MIW    ^ER.  8 
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lubsUnoe  (Fig.  14).    All  the  prooewn  vhidi  hare  been  jmt 


1 

•M 

»%•  • 

Fi«.  14.— AmebalBUibmkiiii,- ;jp  iiitu  iporci  x  1000. 

deaeribed  can  somctune«  be  observed  to  occur  in  slide  cullintions 
bescatb  cover  gluica,  and  oapable  of  oontinuoua  obaervation  ; 
bat  under  aach  circunutancea  thej  niluraUy  nerer  attain  the 
magnitude  and  perfection  exhibited  under  natnral  cooditiaiia 
whore  th«  Bponngift  are  developed  on  an  exposed  baais  of  fai^ 
bulk. 

In  aach  caaea  we  maj  trace  all  stages  of  the  rorinatioa  of 
perfect  sporangia  from  that  in  which  we  have  mere  irr^olar 
aggregations  of  cioscl;  adherent  AiiKcbit(Fig.  l!]),wl)ictioabeiBg 


FlC,  ii, — ItrfgLilir  Byitefptt  'A  Aiiiffi.J:    ■<    I--"'. 

detached  and  introdaced  into  a  new  nutritive  tnedinm  become' 
teaotved  into  their  conatitDeot   Ama:bte  (Fig>  IS)  bv  rcsDuud 


Fia.  16, — ^Annba  datadwi  tnm  mUaMBtarj  SfranagtoB  X  lOOO, 


acttrity  of  Ote  latter,  to  that  in  which  we  hare  perfectl;  develop 
epontDgia,  with  a  dirtinot  investing  nieubnue,  and  even,  in  o 
tain  csMJi,  an  inlernil  mcahworL  n^rrsenting  what  ma;  Ira  n^ 
guded  aa  a  mdimentarj  capiliiuum.    The  di-grec  to  which  an 
Ktiul  fsaign  of  the  ooaatitDunta  of  the  eponngic  mais  lain 
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pUce  varies  g^reatly  in  ditTcront  cases  aod  iu  difTereiit  portions  of 
on«  ukI  the  saoks  aprcimcn.  Complete  fmioD  often  occun  iit 
the  basal  portions  of  pMJicillnte  uporangia,  vbik  the  process  is 
onljr  partiid  higher  op.  In  sucii  caves  while  we  find  the  atem 
conMating  of  a  seeiniiigl}'  hooioffeneou!!  mass,  the  lii^d  is  gL-ne- 
nlljr  nor«  or  less  distinctly  marlEed  out  into  a  scries  of  irregular 
area*,  which  are  in  some  casea  so  deJioed  as  to  give  llie  surface 
when  viewed  under  n  low  microscopic  powera  somewhat granuUr 
oi  faiiiily  uoduUtcd  aspect. 

Ihe  appeatmncea  prevailed  by  tliu  sporangic  masses,  where  I 
constitaent  Amabie  art  yet  diatindly  reoogntsablc,  arc  Tctj'l 
carious.  The  surface  presents  a  strangely  evithelioid  appcaranoeif 
doe  to  the  dense  aggregation  of  irregular  celb  closely  adapted  to 
one  another,  so  as  to  form  a  continuous  layer,  while  o»  deeper  focus 
we  enoouiitcT  sectional  views  of  the  interior,  consisting  of  a  dense 
mass  of  similar  bodies  (PI.  XVIII,  fig.  A).  Wc  have  a  rogvlai 
tissue  formation  due  to  nggregntiun  and  nuiou  of  originally 
independent  elements. 

lAiv  sporangia  rary  greatly  is  sixe  as  well  as  tu  the  extent  to 
Thich  a  distinotion  between  a  atem  and  head  is  present.  In 
many  eases  no  stem  formation  takes  place,  and  llie  spherical 
sporangium  b  merely  attached  at  one  or  other  point  of  its  cir* 
camfercnce,  in  others  apediclc  of  considerable  length  is  present 
(P\.  XYIU,  fig.  1).  TUc  heads  may  attain  a  diameter  of  U'S? 
of  a  millimeter,  and  the  |)e<licles  a  lenoth  of  Q'ib.  When  the 
)*etlic1e  is  of  any  length  it  is  usually  diUled  basally  into  a  disc 
or  into  sereral  rool>!ike  espansioiis,  which  embrace  the  body  Ui 
which  it  is  adherent.  Toe  sporan^  arc  almost  inTariablj 
situated  on  prominent  projecting  points  of  the  basis,  such  aa 
minute  fmgnicnts  of  vn^clable  ti«»ue,  kc.  Whtn  dcTcloiung," 
they  tint  appear  as  minute  hyaline  prominences  or  rods  project- 
ing on  the  surface  of  the  basis.  Aa  their  dcTclopmcnt  advano 
they  become  dilated — the  dilatation  iu  (he  rod  lorms  occurrin 
tcxmiAHy,  and  csuaing  them  to  assume  a  capitate  aspect — anS 
Bt  the  same  time  an  opalesoenoe  a|^>ears  iu  the  previously  hyalina 
material.  This  tneruMS  in  intensity  and  pwsea  on  to  opAcity^ 
aod  the  fresh  maloro  s^mrangia  are  of  a  bright  glistening  white-^ 
ness,  passing  into  raiiuus  atagn  of  yellow,  bnff,  and  amber,  as 
di7ing  arts  m. 

On  examining  many  aporangia,  even  when  the  coustitucnt 
^BKebtt  are  yet  recognisable  through  more  or  less  of  their  sub- 
stance, the  presence  of  a  distinct  investing  membrane  may  be 
made  out,  and  in  all  mature  sporangia  such  a  structore  is  inva 
nalilv  i.>-.oi-T,t,  Owing,  however,  lo  variations  in  its  slnictur 
nn<  ijt  oircumstaooes,  it  is  much  more  readily  recognisable 

in  wmc  ca»>:a  tlon  in  others,  and  nuy,  indeed,  sometimes  leadil; 
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CMttM  detection  in  itnrclopiDg  or  recently  formed  sponsgu, 
which  h&ve  been  )ce]>t  in  a  vny  mouit  atmosphcR ;  it  ia  very 
Boft,  and  qnickly  ilmoWcs  and  disanpcan  in  wster.  &hhoaga 
rcadH;  risAle  at  the  addition  of  tlaiJ,  mnil  ci^prciallj  to  long  u 
no  prcHtm  has  been  applied.  lu  !>uc)i  a»ct,  (oo,  certain  n- 
aoents,  such  ns  Liquor  IokIi,  rcadil;  drmonstnte  Ha  existence.  In 
older  t^MTUigit,  which  luivc  undergone  a  certain  anoont  of  djj- 
ingj  it  sppcars  as  »  distinct,  somewhat  resistant,  and  venr  elMtie 
iDBinbrBnc,  of  a  Tcllovish  colour.  Id  structure  it  ia  finm  mole- 
cobtr,  and  the  cxunml  surface  i;  covered  with  projecting  orgamc 
eorpiiKtln  (Pt.  XVIIJ,  fig.  6).  In  the  cuune  of  tborongb 
deaiccntion  again,  ii  appears  gndualijr  to  dixiDtrgrate  and  man 
or  kes  com[HeteljF  dinappear,  learing  ita  contents  exposed,  and 
onljr  adherent  to  one  another  bf  intarcellnlar  material.  Its  inner 
auifooe  is  WHnetimea  distinctlr  mapped  out  hj  a  serin  of  promi- 
nent thickened  ridges  into  prnjigoou  area*  cnrrespoading  vitlt  the 
fonnatire  .\nKcbK  (Fig.  17). 


l^tt  17. — Ridge*  tau  uaiitMKiiu)  «a  inscr  •uiUcc  of  ^ponncial  iin  iiilg  ■iiin 
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After  the  s]K)ningia  have  been,  n?  it  were,  planned  out  by  the 
inrtgation  and  more  or  leas  intimnle  union  of  the  AmixbarC  and, 
the  formation  of  an  inrcitb);  meiubnUK,  the  process  of  apain 
formalmii  normally  seU  ia.     When  this  ii  rug«UrIy  eairieil  our 
the  bodies  of  the  Am<cb»  become  rcwlved  inro  duuks  of  roheriol 
spores,  me»niring  from  6  lu  9  ^  in  diameter,     in  Gates  where  the 
fBaioD  of  the  parenl  bodies  seeniti  to  havp  hwH  complete  these  in 
bdweriminateljr  maswd  in  the  oaTiry  . !  ^  uigmm  embt  "^~ 

in  an  interocllnlar  hams ;  whne,  on  i  ,  lund,  ihe  pr 

has  not  gone  to  U'.  1  to  adhoe  lu  gnjurMi  of  Tohoiu  sisn 

oomspoadiiig  in  u. ,.  AiDubic,  orio  -■■  -'t  — — ,- 

The  intprt-i'llular   material  in    recent);    il  ,  H 

wft  and  seemingly  moTu  ur  la*  Otud,  rcsemumy  llit  UtUaKtiia 
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nstlcr  within  Mucnr  sporangia.  Like  the  material  of  thu 
ip»imngia1  mii,  boVFVer,  it  concretes  or  seta  in  <lrjiD^,  so  as 
tppear  in  many  [ireparatioiis  of  partially  dried  sporangia  in  It 
form  of  a  nutworl:,  tn  the  interspaces  of  wbidi  the  Bjwrrs  are 
otaated.  The  chataclcr  and  definilioD  of  this  vary  conitiJcnb^ 
in  diffcreat  in^tanota,  and  in  some  caae«  it  may  be  dbtinctlyf 
mmlved  into  two  svriw  of  mfishw — a  larger  one,  )M.-cmingly  cor- 
resjwnding  with  tiir  jmrent  Amicbic,  and  a  smaller  otic  iriih  the 
tnaividual  sjwres  (F>gd>  1S>  19),     Both  tiie  »{>oraugiitt  vail  and 
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the  inlnuuorangic  network  are,  wlien  fully  dcrelojied,  stained  of 
a  ilee|>  red  browti  b)r  solutions  of  iodine,  whiUl  the  spores  merely 


Ft«.  W.— Ran  rclicula  o(  uunx  cuiio»f*.uJiai  lo  !,iio.-M  x  1000, 

acquini  a  yellow  tint.  Ho  lilue  colouration  follows  treatment 
uilh  iodine  and  sulplmric  acid,  nor  does  any  effervescence  occur 
untler  lti«  inllaencv  of  ncida. 

Tbc  sporea,  as  before  mentioned,  arc,  when  first  formed,  of  a 
'line,  or  arr,  iil  all  ■  ■  'licrical  when  free,  for,.J 

prtiSEire.they  arc  ;  ,  uiorc  or  less  polygonal^ 

witiic  fiilliijilhc  epoTsngium.     Tbi^  prucaa  of  spore  formation 
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Bttuna  t«  be  preceded  bjr  «  diM{)i>eeTaBce  of  the  nadeoti  of  I 

Snrfnt  bodie«,ii»uUiiig,a|)p>rentl;,  as  some  eases  seen  tusbov, 
rom  a  process  of  repeated  binarjr  division  (PL  XVUI,  %.  11). 
As  the  sponngia  mature  and  dry  the  spores  Iom  tbetr  sp&erioal 
fbriD,  a  coadpusstion  of  thctr  snbsUncc  eccms  lo  take  place,  and 
tliry  become  tiicoueave;  vhva  in  this  eondition  ttiejr  elosdj 
resemble  msfflnuliao  red  blood -corpuscles,  and,  indeed,  in  many 
cases  can  hardly  be  distinsutsbed  when  mingled  wkh  hamao 
blood.  \VliGn  in  this  state  tbe  mai^ns  measure  about  il/t  and 
the  central  portions  about  2'S  it  in  thickness,  the  margin  betng 
of  a  faint  greenish  tint,  and  the  ocatre  almost  coloariea 
(PI.  XVIII,  fig.  7).  No  evidence  of  the  presence  of  a  nucieai 
is,  as  a  rule,  present  in  sadi  ^lores. 

When  a  mature  sporangium  confain-ng  such  bicoocsre  spom 
is  iutroduccd  into  a  suitable  medium,  the  former  rcry  rapidly 
svcll  out  and   become  ipliericnl,  and  by   their  LncrtaMd  bollc 
exert  a  coiutnnlly  incrcn^ing  tension  on  tlie  iporamgial  vail.  Xb^ 
capsule  ulliuuteiy  lupturai  at  one  or  more  poinu  and  oontll^H 
forcioiE  the  spiwes  oat  in  streams  and  masses  into  tbe  wKF 
(PI.  XVIU,  fig.  t).    Where  the  capsule  has  diMnt^;nUed  and 
disappeared  the  process  of  swelling  up  is  accompanied  by  curiaut  J 
wTithing  movcmenu  of  the  spore  masses.     A  contractile  vesicle  < 
KKHi  nulcs  its  appearance  in  the  spherical  spores,  which  dot, 
as  a  rale,  show  a  clear  central  nnclear  area  surrounded  by  Gudy- 
clouded    substance,    and    Mmetimcs  oppirentlv   ootitaijiing   ■ 
nodeaUi  particle  of  a  greenbh  colour  (PI.  \VU[,  f!g.  H  a)r 
AAer  tlte  eootiactile  veaide  baa  continued  to  pulsate  for  a  short 
time  tbe  body  begins  to  emit  a  delicate  protrusion,  and  rapidly 
unfold*  into  a  minute  AnKEbula,  whicn  crawls  fmly  in  tha 
medium  (PI.  XVIli,  fig.  S  6,  c,  (ig.  1>).     In  many  caaea  no  en- 
denoe  of  any  cyst  is  left  behind,  but  in  others,  speciaUy  where 
the  spores  arc  derived  from  sporangia  which  have  been  sub- 
jected lo  prolonged  desiccation,  such  a   structure  is  jircsent, 
appearing  in  tlM  form  nf  a  delicate  ring  aftrr  the  inmate  has 
escaped.     The  spores  then,   as  a  rule,  give  or^iu  to   minuta 
Amoeba,  but,  in  certain  eases,  in  plaee  of  doing  m>,  thcj  Biipmfl 
to  be  molTci)  into  flagellate  xoosporet,  which  swim  off  activelfl 
in  tbe  Boid.  a 

The  sssumpUoD  of  activity  by  the  sporoidv  is  manifcstln 
inBueneed,  both  by  tbe  nalarp  fif  the  fluids  into  which  thcufl 
introduced,  and  by  tlie  coitdiliuns  to  which  Ihi^  have  pm^^^J 
been  exposed,     Whiui  inttoduced  in'  :    '  '^^| 

walnr  liiry  n-mnin  Hnalterrd  for  pn  ^^^1 

<rt  to  beotitie  auUht.-.  "^^| 

i'  boilinfi  water,  ns  bj        ,  ,     ^flH 

dnid  00  spurangia  siiualed  on  a  alioc,  docs  nut  prevent  tbe  solfl 
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KCiucnt  development  of  tho  uporee.  The  anoinption  of  adirili 
u  retarded,  but  a  certain  number  of  the  spOKS  aorvirc  and  sulC  - 
SHjoentlr  give  vent  (o  Ama:b<c.  Prolonged  boiling,  however, 
n  ccTtainlj  fatal  to  thmn.  lliej'  arc  cspable  of  Hurriving  ■ 
twentj-four  boura'  immeraion  in  Liquor  lodi,  remnining  seemiBgli 
unalle.ivd,  and  becomiiti;  active  on  the  substitittionofthcrcagenl 
hj  a  nutritii'B  fluid.  TJicvcaD  alKOfiurviveitnoiersioii  forsoverall 
boun  in  1  per  cent,  volutions  of  rcctiScd  spirit  and  of  the  phnr- 
maccntioat  acetic  acid.  Miiirral  acidi,  even  in  very  small  pro- 
portions, *pp«&r  to  be  fatal  to  than,  und  hydrochloric  acid  «Uo 
immediately  rednces  any  wbicfa  are  sphericnl  to  the  biconcave 
form.  The  capacity  for  resisting  various  external  iiiilucnccs  is< 
also  related  in  some  degree  by  the  condition  of  the  body.  It 
K  only  the  condensed  biconcave  ipores  which  are  capable  of  any 
decided  reaiftance,  those  which  are  in  the  dilated  spherical  cod- 
diiion  being  much  more  susceptible  to  detriment. 

Prolonged  deeiccatioo  appears  to  intluence  the  rate  at  which 
activity  is  developed,  but  certainly  ii  not  fatal.     A  careful  veriea . 
of    ciperioicnta   on   this   point   showed  that  whilst  Amcet 
b<^n  to  cmene  from  Tpcrfcclly  fresh    spores  within  periods] 

,  nopng  hom  fifteen  to  twenty-five  minuti^,  a  gradual  retarda- 
tion  of  the  prooeas  corresponding  with  ilitTcnnt  periods  of  dcsic- 
cation  manifented  itaelf,  »o  tliat,  after  a  ix-riod  of  eighty-two 
days,  emergence  did  not  occur  until  within  between  tire  to 
twra^  hourg'  exposure  to  favorable  conditions. 

When  sporangia  are  introduced  into  prcparationa  of  freth- 
boiled  cow  dung  tbey  rupidly  Ui-tanpear,  and  the  cultivation 
within  twenty'four  bonra,  in  faroraUo  cases,  shows  an  abundant 
new  crop  of  sporangia.  This  proceaa  mav  be  repeated  agniD  and 
again  indefinitely  so  lou)*  as  a  fresh  medium  is  supplied  for  each 
experiment;  for,  ns  in  the  cnsc  of  tJie  natural  development,  the 
soil  appears  to  be  exhausted  in  the  proceda  of  pro<lucing  a  single 
crop.  As  n  rale,  in  tlienc  cultivations  we  do  not  fmd  a  £oo> 
sporic  stngM  r^-presejitcd,  the  sports  at  once  givins  origin  to . 
anueboid  bodies,  which,  after  baring  incresKa  b  siu-,  beoomaJ 

.  BMoeiAted  to  form  new  sporangia.  The  crops  of  sporangia  tliutl 
prodnced  ate,  as  a  nile,  pecidiarly  nbuudanl  and  well  developedj 
03  compared  with  nulural  ones,  due,  no  doubt,  to  the  compaia-j 
tive  freedom  wliicli  the  organisms  here  enjoy  from  a  struggle  for 
existence.  In  some  cases,  however,  in  tbcso  artificial  cullum 
wo  Bnd  a  failure  of  dcvcloprntnt  or  a  failure  of  sporangial  forma- J 
tioD,  the  aurbce  becoming  covered  with  a  bloom  of  encysted! 
Annehg. 

Both  in  natnml  und  artificial  cultivations  (here  is  a  distinct 
tendency  to  pcriodieily  in  reference  to  sporangia!  formation.  In 
the  note*  icganltng  one  case  which  were  prcviouiljr  given,  it  is 
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rraordrd  that  wliile  at  dawn  the  cultivation  »liowed  nu  traesi 
UiG  jircaencc:  of  sporangia,  an  abandant  crop  of  eadi  bodies' 
appeared  vitbin  the  course  of  the  oext  fcv  hoars.  This  ta  moEl; 
an  illnttration  of  the  fact  that  Ihc  dcvclupnKBt  is  r^aUri; 
Uinitcd  to  the  period  bdwcfu  dnvo  and  noon  or  at  lale«t  I  pjn. 
If  iponDgia  hare  not  appeared  bj  the  Utter  hoar  the;  vill  not 
appesr  aatil  the  fotloving  momiog.  At  first  sight  it  appeand 
not  improbable  that  light -coitditions  were  the  dctcnnincnt  of  Udi 
phenomenon,  bat  experim«^t«  proved  that  ihU  wa«  not  to,  ~ 
the  development  follovcd  the  Mmc  cotme  even  where  ail  It; 
wa*  carefalljr  and  abwlutely  exclnded. 

The  sporangia  aod  apores  deacribed  above  are  inch  a?  ooenr 
b;  &r  most  n^darlj  and  mar  be  retarded  as  the  topical  fom 
of  repiodoetivc  bodies  in  the  organism,  but  certain  other  spo- 
nngial  bodies  occasianill;  acoompaiiT  or  rrpUce  them,  vhtch 
altboogti  dilTering  in  various  particulan  are,  I  biilieve,  mere 
aberrant  rarietiea  detennined  bj  the  coincidence  of  special  coa- 
ditioDS.  In  tbe'first  place,  in  pljce  of  those  containing  Donml 
spores,  onlj  Tar7ii)g  within  tiic  limits  as  to  me  mi  fom 
ordinarily  eocoantertd,  «e  mlso  meet  vith  sporangia  wbJdi,  in 
addition  to  novmal  sports,  eonl«n 
of  irregular,  nnformcil  }oo 


Fu.  M.— AliMmal  fomu  at  ipoies  x  lOM. 
Tbcae,  u  a  role,  an  of  Urfurr  siie  than  the  othm,  bol 
DMUMctcd  with  ihcQi  by  a  series  of  iiitemediate  forms,  aaJ' 
aahibil  a  precisdy  similar  series  of  dcrelopmentil  obaiwca  in 
passiDg  into  a  state  of  actirilj.     SpnrangLi  in  wlcich  tucfa  bndiBB 
aboood  ate  frentuatlrof  an  im^ular  form,  and  in  some 
QU^  aanime  a  acodritio  character,  appear  '    '  ti 

wfatdi  mar  attain  a  bt-i^ht  of   ITi  mm.  ai: 
(PL\VllI,flw.  4,  5; 
these  iU-foRoea  spores 
Amicb^  my  be  proei. 
vork  of  an  Amosba  cou: 


r  cases  either  iu  a*7t>a>lrau  , 
ml  niinnjriit.  uolatad  enc 

mble  Uio  fruNt 


a  T- 


I'i'i  kii^ 


mcRoscoric  oaoANisua  im  iktestivai.  cahil.      27S 

There  is,  however,  a  macli  more  renurkable  form  of  !t|iornii- 
gium  whtcli  appears  to  be  iatrrchangtable  rith  the  common  one, 
aoinetUDea  almost  rotircl/  rciilacing  it,  somctimca  Dccuiring  in 
variouft  )>n>portioi>»  nloiig  with  it,  and  soniclimc;  appearing  in 
curidu*  itilcriiit^iliuti'  fonii.t  which  «ombia«  (he  chnrjicttre  of  both 
rariittii-.H  in  coti  and  the  ume  individual.  Tlic  tin>t  oocnvion 
on  which  tbev  went  obsenrcd  was  in  an  artificial  cultivation, 
conuating  of  a  portion  of  reccut,  frrshlv  boiled  cow  duDg  into 
which  ft  normnl  iporangiutn  from  a  previous  cultivation  had 
been  introduci-tl.  Forty-eight  hour«  afttr  Hiv  cultivation  had 
bc<eu  set,  (he  surface  was  found  to  be  covered  by  a  sprinkling  of 
Terf  minute  hyaline  sporangoid  bailies  situated  on  tlic  ptojecling 
poiuls  of  tbr  incdiam.  ThcMr  on  microscopic  cxaminBtiOQ  wero 
foanil  to.con8i»l  of  ai>^'rrgatii)nf  of  large  Amubic  which  in 
grnKHil  wcrv  *l\l\  n-adily  vrpiirjble  and  capable  of  resuming 
ladcpMulent  activity  in  the  nutritive  fluid  into  which  they  were 
intmducied.  On  the  following  day  the  sporangia  had  increased 
in  size  and  numbers,  some  of  Incm  being  of  a  pearly-white 
colour,  other*  palo  ydlow,  and  others  of  a  bright  warm  ludian 
ydlow.  The  white  onta  consisted  uf  amoebal  u(gngat«*  like 
tfaoae  ofaicnred  on  ihr  prcviotu  day ;  t)i«  pale  yellow  one*  con- 
tained similar  bodie*,  and  a  certain  proportion  of  ma«wa  of 
minute  oval  or  broadly  fusiform  cellules  (PI.  XVIII,  %.  14] ; 
the  Indian  yellow  sprangia  contained  vnvrmoua  accumulations 
of  such  celluli^  and  a  few  lar^  Amo^bie.  The  spornngial  mrm- 
bnnc  waa  v«:ry  diftioctly  defiiied  in  some  ra«-s,  and  on  iis 
nipturi-  mauM-^  uf  the  cellules  (PI.  XVIII,  lij,'.  12)  and  large  di»- 
tinci  Auici^liu;  were  forced  out  into  tho  fluid  of  the  preparalion. 
The  cellules  were,  aa  before  mentioned,  broadlv  fusiform  or  oval 
in  outline  (PI.  XVIII,  fig.  IS  A).  They  were" llalttnod,  colour- 
tcM,  and  contained  a  large  refractive  and  apparently  oily  nucleolus 
of  greenish  yellow  cilour  with  a  brilliant  shining  nui-leoln» 
withiu  it.  Ilie  ovils  meajtuTMl  on  an  average  about  G'i  x  3'7  ^i, 
and  their  oily  nuclei  1-8x0*9  ^.  In  mo«t  cases  when  they  first 
rKajH-d  Irom  the  sporangia  they  were  aggregated  into  small 
lumps  or  groups  by  means  of  a  gelatinouM  and  very  faintly 
miilecnlar  MuU-subslance  which  soon  dts»olved  and  disappeared 
in  the  nutritive  fluid  (PI.  XVIII,  lig.  IS  a). 

The  pn-.<H-nce  of  sporangia  containing  similar  cellules  waa 
rrC-igni»rd  on  several  suhsequcnt  occasions.  The  ^pornngin  in 
llieae  cases  varied  in  colour  from  clear  pnh- yellow  to  full  bright 
vermilion,  a  phmuineoon  dciiendcut  partly  on  llie  projioriion  of 
cellules  present  in  them  in  relnlion  to  AuitDbic  or  normal  s|H>reaj 
Bn<t  iH-'v  <<ii  itm  !in)[Htrii«n  of  oily  matter  arouud  the  nucleoli. 
Ir  -CH  this  mas  hardly  reiitesentcd,  in  others  it  formed  a 

\iu^<-.  Liiii-eoloared  globule,  apd  in  llicsc  the  colour  of  the 
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■ponnse  was  alwayt  higlily  developed.  In  some  cues  curtoiu 
particoTouT«d  or  ]iiebiid  viiorangia  were  pment  in  which  local- 
ised jwTtioQs  of  the  contenti  couaisted  respeclireJv  of  cellule*  and 
of  nonul  a|Kirefl.  The  size  of  the  celloles  van«d  considcnb)/ 
in  diffcmit  tiut«ic(«,  ran^ng  from  that  previoutljr  gircs  down- 
wsrds  to  speciinciis  meuuriog  oiilj  3  or  4'X£'7^;  on  oUicr 
occasioiu  in  which  there  was  no  microacupic  evidence  of  Ihctr 
presence,  isolated  masses  of  them  were  encountered  among  the 
AmocbiG  and  sfxiroids  within  normal  sporangia  or  in  those  in 
which  onlj  an  imperfect  spore- formation  bxd  taken  place. 

'When  tli«  manec  of  cellules  are  allowed  to  remain  in  a  soit- 
nble  nutritive  fluid,  the  gelatinous  inveslinf  substaiice  in  which 
they  are  embedded  gnduallv  dissolves  and  disappean  leavtog 
tho  individual  cells  free.  These  now  ahov  a  aught  mdsu 
increase  in  size,  the  oil;  matter  of  the  nuclena  gradiuuly  dia- 
a]»pears  leaving  the  greenish  nucleolar  particle  verv  conspicuous, 
ana  a  minute  ooutnetilr  vesicle  generallj'  apwiirs.  The  outline 
of  the  cell  al»o  becoincii  somewhat  modined,  for  while  one 
extremity  retains  its  <iTiginal  pointed  character,  the  other  be- 
comes somewhat  rounded.  Suosecjaentlf  one  or  more  IhigeUai 
filaments  arc  protruded  from  the  latter,  and  tlie  bodj-  swims  off 
as  an  active  pesT'Shajwd  nucleated  xoosporv  of  minute  stiie. 
The  Kooniorcs  after  continuing  thdr  active  movements  for  sane 
Ume,  ana  in  doing  so  frequently  exhibiting  very  extensive  amcD* 
bflid  chan^  of  form,  gradually  oease  to  move,  becoming  at  Uw 
•ame  time  more  or  less  rounded,  and  finallv  creep  off  as  minnte 
Ameebs  (PI.  XVIII,  %.  16  a,  b,  e,  e,J). '  Both  zoospores  and 
AmccbtB  generallj-  show  the  nucleolar  particle  originaU;  present 
vcrj  distinctly.  In  other  casca  the  flagellated  zoosporic  stage 
•eems  to  be  omitted  tind  the  cells,  after  undergoing  a  certam 
anonnt  of  incmse  in  size,  {>ass  oif  at  once  as  nucleated  Amtcboi. 

In  one  or  two  iiwlanoes  I  have  met  with  targe  active  Amcebn 
contsining  rarjing  nuroben  of  these  cells  vnthin  tJiem,  but 
whether  iVin  were  a  case  of  inginlion  or  of  commencing  dcvelon- 
menl,  coiihl  not  be  ascntaincd  CFig.  il).    These  ooQs  ccrtalnlj 
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•ppeir  to  resemble  very  closetv,  if  not  U>  be  identical  with  thoae 
ilMcnb«cl  hj  Cienkowski  unaer  the  name  of  Dipl^irys  ai«r- 
eorea,  as  forming  »porangioid  aggregntinni  on  specimens  of 
moist  borsG  dung.'  According  to  him,  however,  the  sporangia 
verv  devoid  of  an;  iiivc:ttiiig  membnine  or  matrix,  both  of 
which  ore  onciui vocally  present  in  the  present  itutnnce.  Itie 
cUancters  of  liio  movements  in  the  c«Ug  when  in  (be  active 
state  is  moreovM  diiTercnt,  and  there  doc«  not  seem  to  be  anj 
teodencT  to  the  formation  uf  compound  groupa  by  ndbcsion  of 
active  evils  as  dMcribed  by  Cicnkoirski.  Certainly,  too,  the 
cdU  here  nn-  oiiprovidid  with  anythios  of  the  nature  of  a  shell 
or  difTerentialeil  externn!  iurestiDg  coat,  wliicb  is  rtganled  as 
probably  prtsent  iu  Diplopfans. 

Taking  the  fact*  toat  they  arc  so  cloMly  related  to  the 
ordinary  Am<rbte  and  s]m)r«  of  the  media  in  which  ihey  occur; 
that  tliey  are  included  in  many  cases  iritbin  the  same  sporangia 
with  these  boiiieji ;  that  they  appear  to  be  developed  in  groups 
such  as  voulii  naturally  result  from  iiroccsscs  of  division  in 
Aracebo;,  aiid  Ibai  in  the  active  slate  they  present  characters  so 
similar  to  those  of  the  zoospores  and  Amicbulic  developed  from 
the  s]iores  of  the  common  form  of  sporangia,  I  am  inclined  to 
regard  these  cells  as  merely  a  variety  of  rvprodnctivc  bodies 
hi  '  lo  the  (.ime  orgniiism,  and  not  aa  the  representatives 

i;i  1  »jH!cie». 


so. 
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III. — Devehpiaeut  of  Secrelal  ParaiiU*  in  Abnormal  Media. 

While  in  the  excreta  of  cova  and  horses  itc  6nd  mexlia  which 
p«rinit  of  the  ccutiDucd  vitality  and  fuither  <lcTclopmeut  of  the 
parasitic  organisms  which  they  cotiuin  whilst  ttill  within  the 
body,  it  must  not  be  supjiowd  that  they  are  peculiar  in  doing 
to.  The  excreta  form  the  normal  site  for  the  reprotluctton  of 
itiouDua  series  of  gtriieratioos  external  to  the  body,  hut  other 

imal  fluids  apparently  mny  more  or  less  replace  them  in  this 
respect.  \VitH  regard  to  one  at  all  events — blood — there  can 
bo  no  doubt.  In  comparing  the  apjiearaiices  presented  by  the 
biconcave  «port»  of  Dormal  sporangia  with  those  of  bloDd-cor- 
pui>des,  it  was  accidentally  ascertained  that  the  spores  in  pUoe 
of  being  destroyed  by  their  transfer  to  the  abnormal  medium, 
appMred  to  lind  in  it  the  conditions  for  further  development.  A 
senm  of  spfcial  fultivHtioiia  in  isi>liitcd  wax-celts  was  therefore 
r:  When  a  drop  uf  normal 

III  ,  ■       ■  ^         is  scaled   in   a  wax-oel), 

I  ■•  tJi^r  Etkivn  Bkixopoduit  and  vcrwudlc  Orgauitmcn,"  '  Aidiiv  lii;- 
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fioagulatioQ  rapidly  fet»  to,  >n<l  with  t]i«  contraction  of  the  do 
a  c^ar  ixTiplicral  ring  of  senini  »  generalljr  fonn«<l  into  vide 
while  corpuacia  enKf^e   in  varying  numben,  retaining 
activilj  for  rariDua  {x-nods  up  to  larcniy-four  hour*.     In  abant 
four  days  the  roalnuK  have  tutirely  brokcu  up,  leariog  the  cor- 
pusclfs  loose  in  ihc  fluid.     At  the  cIom  of  a  period  of  a  week 
the  aeroui  riog  begin*  to  become  ntained  by  the  solnUoD  of  the 
lucmoglobin,  and  shortly  afterwards  the  colour  of  the  oentnl 
portion  of  tbe  prepantion  be^s  to  lose  its  brilliant  Ksrietj 
and  to  acquire  a  carbuncle  red  hue.     This  change  in  colout. 
becoaoca  more  pronounce<),  and  a«  tbe  staining  of  the  peripheral 
portioD  advance,  the  entire  drop  assumes  a  unifnim  deep  ruby 
colour.    With  the  solution  of  the  coaguluui  the  while  corpuscleal 
which  have  been  entangled  in  it,  as  well  as  those  in  the  peri^ 
pberal  area  which  have  not  disintegrated,  come  conspicuously  I 
into  view,   appearing  as   shining,  white,  oily-looking  globalni 
ftmong  the  surrounding  deep   red  fluid ;  after  this  no  fnrtfas ' 
ohaoge  oocura,  and  the  preparation  remaina  seemingly  tiBaltend 
for  montba. 

Tbe  phenomeoa  in  caaea  wbeie  a  sporangium  or  spores  faavs 
been  introduced  into  the  drop  are  very  different.     Tbe  fallowing, 
are  tbe  oole*   recorded  regarding  one  set  of  cxpenments: — ^Al 
drop  of  blood  wh  inoculated  with  a  ooui^e  of  normal  sponmil 
&«■  a  eoltintion  of  cow  dung,  and  sealed  in  a  waa-oelL     ^» 
some  boors  the  speeiraen  eilutnicd  umilar  appewaaoes  to  ihom 
of  a  pure  blood  specimen  set  at  ilic  same  time  for  compaiiaoa ; 
dear  Beram  being  frceiy  ex  pressed  to  form  a  peripheral  eow  into 
which  white  corptuclcs  emerged,  and  tbe  colour  of    the  dot 
remaining  hri{^t  scarlet.     SaWqncDtly,  howerer,  a  dark  aooe 
appealed  aroiuM  each  of  the  sporao)^  indicative  of  local  deoxt- 
MHan,  a  phcBoaemn  freapientlr  obserred  in  ordinary  ^e 
pnpnatioH  ot  sponngia  in  blooJ.     On  the  foUawtng  uorvug, 
twotty  bonra  afkcr  tbe  oommencctDeal  of  the  uperineat,  the 
clot  wma  of  a  dirty  hrowntsb  eolour  and  tbe  scrum  was  dRcpljpJ 
statned.     It  oontained  an  abandaneo  of  active,  fiedv  axwUng' 
aoMtboid  budm  whicli,  had  it  not  bna  for  tbe  attmm  caadiliiiB 
of  the  Buid  and  the  bd  of  the  sporaagul  tnacaktnn.  m^bl 
h«*i  nadOy  bm  taken  to  pcnisteotly  active  white  blood- 
poRks,  M  is  ainv  ceiiGrAl  apfmnBoe,  and  ehaneter  of 
nent  tbey  vera  inoiitn^itiHMUe  fron  sndi  bodtea.    Ou^ 
neii  lUy  tbe  dot  ad  auwa  vac  ammbat  dnko-  oBbHtnl.' 
The  latter  via  (uD  of  aetivewid  etill  amcbotd  bodJeaof  virKWs 
nasi    warn  vbn  fpheriol  mcxmriog  fnrni  H   to    15  fi  a 
iBamwfir      As  a  ntk,  they  shoved  a  sinlile  veQ-deftsed  nackolar 
pMtid^aiid«Maeaa»lainedapairafs«eltbodtn.    TbcyahmvJ 
KB  aigw  of  [laivHng  a  cowtneule  vwdb    So«e  of  Ihaa, 
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addition  to  the  ordintrf  Mattered  graiinlv;>,  conlaincd  a  more  or 
'less  altered  rcti  blood-corpuHcle  iu  tlieir  interior.  An  nbnn- 
pduwe  of  still  moUicnbir  matter  vaa  altio  preitenl  in  the  mtiiri, 
bot  00  active  bacteria  could  be  dctpctnl.  Oa  the  neit  daj  the 
Mram  was  full  of  circular  cclb,  i-ilhcr  taotionles  or  still  ex- 
bibiting  alow  fonn-cliangr,  whilr  a  few  roolinucd  to  prwrcas 
alovly.  Tlie  average  diameter  of  th<!  circular  cells  was  about  i&  fi^ 
totac  of  t  lieni  contained  ibree  nucleoli.  'Hi^j  ap;>«arcd  as  bright, 
vhitc,  shining  bodies  in  the  y clloir-atained  serum.  Their  pro- 
toplasrotc  contents  in  some  cases  vore  aggregated  into  a  central 
or  lalrralgranotar  maw,  leaving  ihc  rest  of  the  body  apparcntljrj 
occupied  by  a  homogeneous  lluid  ;  a  fcv  much  larger  bodies 
were  ptcMnl,  nltainlng  in  ^onie  c:i"r*  a.  diameter  of  ib/i,  and  of 
an  cYrn  molecular  substance.  Tlie  still,  ama-bal  bodiv*  com-' 
pletclj  filled  ihe  field  in  many  parUof  the  prepamt ion, especially 
«D  tbe  margins  of  the  clot,  irere  they  formed  continuous  sheets 
and  masses.  A  fresh  drop  of  blood  vaa  nov  taken,  inoculated 
[from  theprevious  one  and  Main)  likeit  inanax-ccll.  Tbcinitia' 
'  phenomena  in  this  ven  jost  those  chanictcrisltc  of  normnl  blood.j 
T<ri-uiy-four  hours  later,  liov«Tcr,  Ihe  dot  Iiad  beoDm«  of  a  dark 
red-brown  colour,  and  the  wrum  contained  much  molecular' 
nutter  and  numerous  slowly  moving  amccfaoid  bodies.  On  the 
subsequent  day,  the  latter  vere  again  observed,  the  activity  of 
norement  being  now  more  decided.  They  contained  a  dim 
nndeolaa  within  a  cle^ir  nuclear  arra,  but  were  devoid  of  any 
contractile  vesicle.  Twenty* four  hours  later  Uic  serum  was  full 
of  small  .Amixbic,  measuring  nlxinl  10^  iu  diameter  when  cir- 
cular, and  provided  with  a  distinct  nucleolus.  After  niiolher 
intertat  of  twenty-four  hours  the  clot  vas  found  to  be  alraust 
everywhere  surrounded  by  n  bank  of  circuUr  and  slowly  moving 
binuclcolate  Amu;ba;,  mnisuriag  when  at  rest  about  \bn  in 
diameter,  and  appearing  aa  bright  jwDched-out  areas  in  the 
brovnith  scrum. 

A  second  transfer  was  nov  made  as  before,  inoculation  beings 
effected  by  means  gf  a  ui-cdte  wliicb  had,  as  formerly,  been' 
heated  (o  redness,  and  allowed  to  cool  immrdtatcly  previous  to 
the  oijeration.  In  ibis  case  Ihe  resull«  nrrc  of  a  similar  nature 
tu  those  in  the  previous  experiment,  only  the  ap|>earaQce  of  the 
Ammbsc  was  somewhat  retarded.  Ultimately  an  enormous  accu- 
molatiDn  of  still  amoeboid  cells  was  formed  as  before.  A  third 
tmnsfcr  was  next  carried  out,  but  was  followed  by  no  devclop- 
Rirat  uf  Amiobte,  the  basis  merely  rapidly  breaking  uji  and  be- 
Gtmung  full  nfmolci-uiar  matter.  Tlic  exjicriments  as  Uiey  »tand, 
however,  clearly  show  itut  Ihe  xport^  of  tbe  organism,  although 
finibng  tticir  natural  medium  in  excretal  maltris,  arc  perfccUy 
eapidile  of  life  and  activity  in  other  media.     In  some  uf  tbe 
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wriea  of  blood  cuIUtbIioiu  there  ccrUinlT  niipcared  to  bo 
Uin  amount  of  spore  rurmxtion,  a»  >ut)»n|iu-iil  to  tlie  ippeanum' 
and  cesaaUon  of  actirit;  in  the  Amcebic,  miues  of  much  nm^ler 
■pherea  made  their  >ppeam>oe  among  the  ania:bal  s^regates,  Um 
iodiridual  colls  of  vhidt  measnzed  Trom  4  to  6  fi  in  diaoMitcf. 
As  no  jiroccss  of  multiplicition  by  division  ilaring  activity  Wat 
erer  observed  to  Uikt  place,  and  us,  at  ihc  snmr.  lime,  no  crideat 
diminution  in  the  number)  of  bodies  developed  in  suocuain 
inoeulntioni  manifested  itMlf,  it  senas,  indeed,  probable  that  the 
occorrencc  is  a  normal  one.  Cell  cnltirations  in  which  boiled 
milk  was  aubBtituted  for  blood  failed  to  ehow  an;  similar  pbe- 
nonuuia,  the  tDt«iu«  acidity  developed  in  the  medium  snbsctiucnt 
to  inoculation  seeming  to  be  fatal  to  the  spores. 

Numerous  Attcm[>1s  were  mnde  to  cultivate  the  *ponRj;tal 
s|>om  iind  Amabie  of  cow  dang  in  human  excreta,  but  at  tirst 
without  any  result.     Like  the  similar  bodies  naturally  present  in 
tbe  medium,  tliey  invariably  appeared  to  be  killed  by  the  stage 
of  acid  fermentation.     Even  where  the  devclopmcnl  of  addily 
was  very  limits),  as  in  cnst^  wIktc  the  oceurrencc  of  Oidimm 
was  prevented  br  prolonged  boiling,  it  was  Inn^  iN'roiv  any  posi* 
lire  r<-«ults  were  obtained  in  dealing  with  fresh  excrdal  matter, 
niid  the  invtttigation  liad  almost  be«n  given  «]»,  when,  due  to  an 
iidcidental  case  of  inoculation,  it  waa  asoerlained  tlial  tin-  mse  ia 
very  ilifferent  when  the  medium  lias  once  entered  on  the  alkalina 
tlage  of  fermejitation.     lletr,  in  place  of  bcinR  nnfavorable  10* 
the  vitality  of  the  organism,  the  malerial  appears  ratlier  to  be 
specially  adapted  to  it  in  some  i^spectM,  alUiuugfa,  at  the  sama 
time,  the  normal  cycle  of  developmejitnl  jibeoomena  cliaraclcrisingl 
it  in  ita  natoral  inedium  fails  to  occur  with  constancy.     Them 
is  not  the  same  strong  tendency  to  the  formation  of  n^nhifl 
sporangia,  and  the  tndiridoal  amtehoid  elements  tend  ntthu  to 
retain  an  independent  eiistence.  attaining  at  tbc   same  time  ai^ 
abnormal  magnitude ;  »j>oniDgial  fonnatiuo,  however,  is  not  alwayfl 
absent,  althnugh  in  most  coma  in  wliicb  it  oocart  assnroing  an 
abnonoal  character. 

Tbc  history  of  a  case  in  which  an  imperfect  deveJr  fJ 

ajntangia  oocorred  ia  aa  follows  -. — A  portion  of  perfei '  '         :il 
normal  boman  excreta  was  boiled  for  lialf  an  hour,  and  tiicn  act 
in  a  moiat  chamber.     The  material  was  almost  neiilral,  and  coo^ 
tainod  the  usual  microKopic  e(iu9tiiuent« — tUtrtt  of  voriotta 
sorts,  an  enonnous  oocumniatioo  of  still  ':     '       '  '4 

sprinkling  of  still  cireabtr  Amirlur.  pi>Me^  J 

nw^lar  |>article».     On  (be   '.■  mM 

unalteKd  tn  appearanre.     f<»  i  o^^ 

mancntly  ociil,  and  all '  :iwereitill.  J 

later  the  ftddily  wu  lev.., '.^.'-aiwcdi  atttuicl,.-.  o.  i-.  ;;-^.[^.>r" 
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boms  it  had  been  rcpUcwl  br  strong  alkalinity.  Tlic  furfsoc  of 
the  material  wm  uow  corered  with  a  crcnmj  grejriih-jrelloir  lajcr 
of  bacteria,  wbich  at  onoe  be|^n  to  move  autivrlv  in  nntrilive 
fluid.  On  the  followmg  dav  it  was  inoculated  witn  one  or  tiro 
nonnil  aporangia  from  a  dried  cultivation  of  cow  dang,  the 
condition  of  the  sporangin  being  ippciatl)'  favorable  to  tbrir  ready 
transfer.  IVo  days  laler  the  cultivation  was  ngain  rxnmineJ. 
The  baais  retained  its  higlii}-  nikaiiac  rtactiou,  but  the  bacK'.rial 
rods  had  QOir  been  almost  entirely  rcilucMl  to  seriea  of  aporea 
(Fig.  H),  so  that  the  aarfice  coa^ng  eonsisted  of  little  save  dense 
maM«i  of  brigbtlj  nrfractive  granules.  In  the  gelatinous  matter 
of  this  coaling  nnmcroua  large  Aioa^bx  vi-ic  »lon'ly  crawling 
about.  None  of  th«m  at  this  time  showed  n  eontrndilv  vi-;>icle, 
but  tlte  uiajoritj  possessed  ii  distinct  clear  nuclear  area  contain- 
ing two  disc-sbaped  greenish  nucleoli.  In  some  cases  the  denser 
portion  of  tlte  bodr  was  crowded  with  an  amorpbons  mass  of 
grannies,  and  in  others  simibr  granules  were  aggregated  into 
epbercfl  contaiu«d  in  fluid  vacuoles   (Fig.  i'i).    In  appearance 

^^^^^  Pia.  a. — LsFgc  Auicba  wLlli  liigestifc  tscdoIu  x  lOOO. 

I    and  meksurements  the  grannies  within  the  Amtcbffi  were  identical 

f    with  the  bacterial  spores  of  tbe  medium.   The  Ammbcr  precisely 

resembled  those  &cqocntiy  encountered  in  fresh  humnu  excreta, 

but  in  sixe  connderably  exceeded  those  normally  devt^lnpcd  in 

cow  dung  cultiralions. 

On  the  following  day  the  ctiltiration  was  found  to  be  crowded 
with  huge  active  .\mDebfe,  like  those  of  tbe  previous  day.  When 
first  introdncnl  into  the  nutritive  fiutd  of  the  preparations  they 


ntcd  a  peculiar  tuberculate  or  irregularly  comuatc  outlinr, 

"   *  "    ^I?   aboat.     Tbcir 
qugItoIi  varied  greatly  in  fixe;  in  some  cnses  the  discs  atlained 


prescni 
but  til 


they  rnpiilly   unfolded    and   crawled  freely   aboat.     Tbcir 


inmetcr  of  B'&  ^<.     Specimens  of  Amuiba:  which  had  l>een  re- 
ed beneath  a  oover-gtan  had  luased  into  the  condition  of 
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dilatation  ami  Tigidilj  norm&l  under  >ucb  circuinstiiiK«.  They 
were  circular,  entirely  or  almost  entirrly  molionless,  the  grannUr 
matter  vhicU  they  contained  gathered  into  bard  lampjr  nuuac*, 
and  with  a  large  fliRrjily-defini'd  cU-ar  vacuole,  RppaTcntly  a  rigidj 
coatractilc  vuicle.  Sume  of  tliom  ihowed  a  very  instructive' 
plienoincQon.  In  such  specimcDS  vacuolar  caviti««  containing 
spherical  masses  of  bacterial  spores  were  riili  pre-Mnt.  The  tt- 
mnrkablc  Ibmg  in  rcfvrcDCO  to  thctc  wns  tliat  in  many  instances 
a  lU-vflopmcnt  of  a  new  generation  of  actiri'  bacteria  had  occorred 
wilhiii  tiKim,  ncUrc  rodit  darting  hither  and  thitbcr  in  tlic  peri- 
pheral Daid  of  the  vacuoles,  and  knocking  and  turning  about  tbc 
persisting  granular  mass  (Fig.  23),     liitcqtrctt^  in  accordaiKC 


>'lo.  83. -OtveloiMeiit  of  lUctcii*  wuiiui  aiumttc  iM-uol<«otd«tne 
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with  current  theories  of  disease,  this  phenomenon  would  indioitc 
that  tfa«ArocelM!  were  dying,  due  to  tncir  infection  with  b^ctttrial 
organisms;  whereas,  in  fact,  there  can  fa«  no  doabi  that  llie 
presence  of  the  latter  «»*  really  the  rwnll  of  ptoccwca  of  dc^ 
velopment  in  the  ingesteil  sporca  ocnurring  after  the  Amtcbic  badj 
been  enfeebled  or  killid  by  the  supervejilion  of  unlavcirablc  con- 
ditiooH  in  the  medium.  'Ihe  Amceba:,  aa  usual,  werr  ippamntl^ 
slowly  asphyxiated  by  bsufTicicot  access  of  air  to  the  mediuu| 
and  the  bacterial  elements  within  lliem  now  andcrwcnt  dcveliiii 
mcnl  in  place  nf  liswliuii,  Tltej  ci«rly  had  n  .!  i'lvi^lid  IJi 
Dma'hal  b'lily  nt  to  ila  di-atb,  being 

Ibp.digeatiTi!  *.:■  .li.;^:' u(  the  interior,  whi'-'  "  '- 

alaoce  remuuM  mtirely  free  from  them.    .' 
ta  certain  iuekuioes,  appoared  to  bo  enfccblcu  r^tiii;r  uun  iii:tu;aiy 


HICHOSCortC  OBGAKISUS  IN  INTiniNAt  CAtlAJ.. 


isi 


dexl,   B9  faint  changes  in    (bar  form    eoiititiued  to  manifest 
themselves  wiih  more  or  leas  diatinctoess. 

On  Uw  following  daj  tbe  cnltiTatioa  continued  to  swarm  wiUi 

bugs  Amoebw.    Ine  bodj-aubittuice  was  denaer  and  kes  trans- 

I  putot  Uiaa  nrerionslv,  and  tiie  nucleoli  were  vet;  hard  to  dis> 

[tingiiish,  ana  in  manr  cases  indeed  quite  irTecnxnisable.     Id 

aoHW  CBM«  they  bad  b«^un  to  form  inasf«B  of  cpiUKlioid  tiuue 

ooonatiog  of  various  numbers  of  more  ur  lea  fuioi)  indiriduali. 

Htfl  %are  on  a  former  )>aee  (Fig.  13),  illustrative  of  conjugalft' 

Am(E«e,  was  taken  from  tois  cuItivatioQ,  and  shows  an  exampta: 

oonautinff  of  thrc«  iniliridual)!,  uioh  provided  with  a  solitary 

blaigc  rigid  vaeoole.    Tbe  Auiwba  in  ibetie  mimes  were  perfecllj' 

uotioiiJeas.    lV«nt]r-four  bour»  later  the  condition  of  the  cul- 

tiration   remained  much  as   before.     In  still,  diUtod  Amixbat 

'  which  had  [iatt«d  into  n  condition  of  r^or  in  a  preparation  of 

lh«  preriona  dav,  tbe  nucleus  wait  in  some  initanoea  very  okarij 

defimd.     It  was  here  se^n  to  form  s  distinct  bilocular  eapsule, 

which  in  the  conrac  of  dtsintrgratton  of  the  jVoiajba  to  which  it 

boloiund  mimetiincf  eseapvd  entire  into  the  fluid  of  tbe  preuara-- 

tioD  ^1.  XVIIl,  fig.  15).     Jjaob  of  the  cavities  contained  one 

■ometimea  two  frreeuiah  dtacoid  nucleoli  of  varying  >ii«.     On 

I  the  next  dav  iBolited  and  ag^re^te  Amcebie  continued  to  be 

,  present  in  extnme  abundance  id  tbe  cultivation.     Tbcy  were  now 

almost  all  clianiotari.ted  bv  the  extreme  indtitinotneai  and  very 

I  fmall  fdu  of  their  nacleoli,  so  that  these  bodies  in  many  cases 

,'coalid  not  be  detected  even  wbon  specially  sought  for. 

Two  dsya  later  the  aggregations  of  still  Amnbte  had  become 
M  large  hi  many  eases  as  to  form  distinct  irregular  vhitish 
s  visible  to  the  unaided  eye  on  tbe  surbce  of  tbe  medium, 
LsDcl   ia  many  of  tlicse   tbeie   wm   considerable  numbers   of 
[fliaUer  sporoid  celts.     Some  of  the  large  Amosbie  vere  in  the 
^ttened  seale-hke  condition,  and  here  the  nucleus  vas  almost 
ot  entirely  tnvisible.     A  Urge,  siowly  acting  conLrnctile  vesicle 
was,  however,  frequently  prMent,  which  generally  was  formed 
[by  the  fusion  of  Mvcral  originally  independent  vacuoles  nbicb 
jlinderwent  fosion  as  they  expanded.     Some  of  the  large  ad- 
|lMrait  AnKcbc  measured  as  mmoh  a*  40  x  S7-5  fi  and  upwards, 
sporangioid  bodies  conttDoed  t4  ioeirease  in  nnmbers  and 
Imk,  and  in  the  course  of  the  next  three  daya  were  cnlirely  con- 
fwerted  into  masses  of  spores,  hardly  a  smglc   large  AoMebts 
nmaining  recognisable.     The  spores  were  somewhat  larger,  as_a 
mle,  than  those  ordinanlr   present  in   the   normal   sporangia 
developed  on  cow  dung,  out  they  varied  considerably  in  site 
in  iodnridoal  tnstanoes,  rauging  from  o  to  10  ^  in  diameter. 
Shortly  aftrr  Ihc  trporangial  masaea  were  imrodueed  into  nutri- 
tive Uuid,  zoospores  began  to  emerge  from  them,      llott  of 
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time  were  of  lai^  site  comspondio^  with  lliat  of  the  spotes. 
Tb^  swam  aWut  actirclf  in  the  flud,  ud  id  natijr  msUnces 
exhibited  very  free  sma-boiii  chuigea  of  form  white  doing  »o. 
In  all  their  chsricl«ra  tliey  were  cjuitc  indisdnguiahi^jle  from 
nmiUr  bodies  u  encottntcml  in  fresh  human  cxcretx,  and  like 
them  were  frequcntlv  obMrved  to  multiply  bj  division.  Dae  to 
ttiis  and  to  the  c»i»tant  eme^^ence  of  new  ludiTiduaU,  the  pre- 
patration  in  the  course  of  a  few  baura  waa  awarming  witii  active 
zooeporca.  At  this  time  a  certain  number  of  small  active  ama- 
boid  Wlics  was  also  present,  which  seemed  in  most  case*  to 
emeigc  directly  from  some  of  the  larger  spi»es.  The  prepara- 
ttco  was  reserved  and  again  examined  on  the  following  day. 
Tbe  inaigiiis  of  the  fluid  still  swarmed  witii  active  xoospomif 
•ome  of  thcin  of  very  large  size,  bat  otherwise  agretong  with 
tlteir  compeers  in  every  respect.  In  many  of  tbem  a  coutrac< 
tile  vesicle  waa  clearly  visible.  Their  movements  varied  greatly 
bom  time  to  time,  ffv«  »wtmmi»g  being  alternated  with  caudal 
adbesi(»i,  or  with  a  crawling  motion  accomplished  by  loeaiu  of 
amoeboid  prolmsions  of  the  body-sub<.tnuce. 

The  cultivation  after  this  appeared  to  rcmiiiii  uuchanged,  no 
furlher   development  oeourringj  and   the    .-turlncc    continuing 
covered  with  a  thick  layer  of  bactltar  spores  and  of  vjrare-cclu 
denved  from  the  Amaboi.    Il  remained  throughout  entirely  free, 
of  any  fungal  mycelium.  I 

In  the  majority  of  aimil&r  cultivations  tike  results  clocely 
resembled  those  just  demhbcd,  but  in  one  case,  at  all  eveoU,  a 
development  of  wcll-fomtcd  normal  sporangia  took  place,  and  in 
othcxs  various  deviations  iu  the  form  of  arreated  dcvdoptnent 
occorred.  "Die  series,  taken  as  a  whole,  appeared  miequivocallr 
to  prove  the  idcotiiy  of  Ihc  organisms  occorriog  in  human  ana 
raocinc  excreta,  and  also  that  the  zoospores  an-  merely  a  form 
vhich  the  reproductive  bodies  resultiog  from  processea  of  divi- 
■ioa  iu  the  A]Qa:bie  mar  Bf«ume,  interchangeably  with  the 
common  anuebal  form  directly  developed  iu  cultivatiooa  of 
^Dtangia  in  cow  dung.  In  showing  tAis  Diey  bIm  afforded  a 
ready  cxplaoatioo  of  toe  extreme  fmiueiiioy  of  the  parasite  in 
tlie  htuaao  subject,  for  they  indicated  tne  presence  of  a  conataof 
source  of  readily  tranaferahlc  reproductive  elements. 


jy.—S^titm  of  fie  &ent^  Paratius  ^  Ue  latter  Aniit 
to  ihoM  o/"  lAe  Unman  Sn^tet. 

We  have  already  seen  tJiat  the  vaccjoe  excreta  furnish  th^ 
I'  for  the  oootinned  existeitce  aud  repenleil  rrpmlacUv 
<  Atiun  of  the  panuitea  external  to  the  host-body,  ent 
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gponugiii  beiDg  >|>])arentl]r  iudetlniUljr  |>ro<luc«d  lo  long  as  the 
Bpore-ceUs  obtain  accesa  to  th«  medium  while  in  a  recent  fttBt«, 
if  ccruin  coD(litK>D3  of  tcmporaturc  and  motslorc  be  providm]. 
FtLcther,  wc  have  uccrtuuea  that  the  reproductive  flementA  are 
capable  of  Tetainins  thear  vitality  for  prolonged  pcrioiii  when  in 
»  dr;  state,  and  that  the;  are  tbcn  aim  capable  of  reaiiting 
influences  which  arc  fatal  to  them  in  activitj,  so  tliat  a  constant 
aapplj  \a  alvafs  at  band   for   introduction.      These    maf   of 
course   obtaio  aocees  to   (be  body  by  various   nieann.      The 
tranafcr  in  the  case  of    cattle  probably  occurs   by  meana  of 
fodder   is   which   the  sporangia  are   coiistanlly   liable  to   bo 
present.     In  the  case  of  the  human  subject  it,  no  doubt,  occnn 
m  various  vaya,  the  great  means  of  diffusion  in  all  probability 
being  the  air.    I'hat  the  air  is  the  chief  agent  by  which  the 
reproduetive  el«m«nta  are  diffused  appears  probable  for  several 
nasooa.    There  can  bo  no  doubt  as  to  toe  coiutaat  eutranoo 
uf  the  rqjruductive  bodies  into  tbe  air,  both  as  isolated  spores 
and  entire  sitorangiji.     I'he  aporaugia,  when  thoroughly  dried 
arc  detached  by  the  slightest  contact  from  their  pointa  of  attach- 
ment, and  having  been  so,  are  w  light  as  readily  to  be  carriedJ 
about  by  air-currenta.     Que  of  liie  difficulties  encountered 
the  study  i>(  dried  sporangia  a,  in  fact,  dependent  on  the 
eiUreme  lightness  and  tbe  ease  with  which  they  are  awept  awa] 
by  tbe  air.    This  is  not  all,  however ;  it  is  not  only  evident 
that  a  pofsibility  for  constantly  recurring    diffusion  of   the 
reproductive   bodies  by  means  of  the  air  exists,  hut  it  abo 
Bppeara  probable  that  when  thus  diffused  they  are  more  likely 
to  sndei^  subvequeiit  dcrclopuienl  than  when  diffused  by  the 
only  otli«r  niedium  which  can  be  soppoised  to  play  an  influential  j 
part  ill  the  process — water.     The  more  thoroughly  deasioatcd 
the  sporangia  and  spores  arc,  the  more  are  they  capable  of 
retaining  tbcir  vitality  under    exposure  to    un&votuble   oHi- 
ditions.      When  active,  or  when  without  being  so,  they  liave 
become  softened  and  distended  by  immcrsiou  in  passive  ffnida, , 
they  readily  succumb  to  intlucncci  which,  when  aiicA,  they 
capable  of   resisting  with  iui^uuity   for  considerable  periMUj 
Nov,  there  appears  to  be  liEtic  rcuon  to  douhi  tbat  in  the  aci^ 
gaatrie  fittids  we  have  such  unfavorable  media,  lilcely  to  act^ 
prejudicially  on  IIk  leprodoclive  bodies  entering  the  digestive:!! 
canal  uulesa  specialty  protected.      Active  or  softened  elements 
will  thus  probsbly  fail  to  reach  a  locality  favouring  their  further 
developiDcm,  whUe  those  in  a  desiccated  condition  will  jiass  on 
ma&cted   to   assume   activity   in  the   lower  portions  of 
digertjve  tube. 

In  so  far  as  the  obeerratwoi   here  recorded  justify   ga 
ooming  to  a  conclusion,  the  development  of  the  parasite  appe 
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u  t  rule,  to  follow  «  toinewliat  difTereol  cou»e  acoordiag  u  it 
takva  pl&c«  vithiii  or  wititout  a  bost-bodf.  In  media  estenial 
to  the  body  the  spoic-ccUs  geocrsUy  give  direct  origin  to 
AiDoebuliE,  which  in  their  turn  produce  a  new  generation  of 
sponngia.  Now,  cettainlj,  an;  true  sporangial  Tonnation  never 
occurs  within  tbe  bod;,  indeed,  it  is  Bcatoelj  possible  (hat  it 
aboold  occur  seeing  that  the  constant  moTcmcnts  of  tbe  medium 
most  mecfaanicallv  tend  to  prevent  tliv  initial  aggn-gation  of  the 
fiHinatire  osit*.  It  is  not  so  easj  to  detennioe  to  whnt  (Txt<-Dt  any 
new  apore  furmatioii  takes  place  at  all,  or  bow  far  the  entering 
spoits  noruallj  assume  an  amwboiil  condition  on  emergence,  or 
whether  the  zoos}>oric  condition  teplaces  the  anxcboid  one  as  it 
does  in  certain  cases  external  to  tbe  body.  That  tbej  sometimes 
do  give  origin  to  Amceba,  and  that  tbe  latter,  althongfa  failing 
to  produce  sporangia,  may,  iu  tome  cases,  develop  a  new 
geneiatios  of  reproductive  elements,  :teems  to  be  clear ;  but  it 
remains  undetermined  bow  far  this  is  a  norma)  event.  The 
qncstioo  is,  docs  an  aiDa:boid  stage  uonnall;  intervene  between 
the  entering  spoie  and  tbe  zoosporic  elements  abounding  in  the 
lower  portion  of  tbe  intestinaJ  tube?  In  other  words,  arc  the 
zoospores  there  the  products  of  spores  developed  in  AuMeba 
derived  from  the  extraneous  reproductive  elements,  or  are  the; 
directly  derived  from  the  lattci  ?  is  the  tligellate  tootpore  tbe 
normal  form  asaumed  by  tbe  reproductive  elemeols  within  tlie 
body  ss  the  AJ»(Eba  lb  external  to  it  f  This  is  a  qneetion  which 
cannot,  in  the  nKantime,  be  definitely  answereii.  TIwk  seems 
to  be  no  doubt  that  zoospores,  in  cerlain  circumstancrs,  are 
developed  as  tbe  normal  product  of  the  tDtrs-intestinal  Araoeb» ; 
but  this  of  course  does  not  exclude  the  pocsibihty  of  their 
coincident  development  from  extraneous  sjwres  aUoi. 

It  sow  remains  to  consider  tbo  relation  which  tbe  preMSoe  of 
the  parasite  fac«rs  to  cholera  smd  other  morbid  conditions  with 
which  it  appears  to  be  speoisUy  aasocialcd.  It  may  be  aski 
why  any  special  issociatiou  should  occur  if  the  reprodocti 
elements  of^  tlie  organism  arc  eo  generally  diffused  aai  so 
itantly  liable  to  be  introduced  into  tbo  digestive  tube  as 
iqipev  to  be.  The  answer  to  tlii.t  question  appears  to  be  ss 
fbUowa : — The  special  prevalence  of  the  parasile  in  tbe  excreta 
in  eholora  and  other  intestinal  disorders  eeeiaa  to  be  determined 
by  the  abnormal  characters  of  the  inteatinat  contents. 

With  regard  to  this  point  it  may  be  sufficient  to  recall  the 
fact  that  the  aDuUne  choleraie  fiuids  may  be  rriidily  demon- 
strstcd  to  be  an  efBcieot  nutritive  mediuu^-a  medium  much 
more  fivorable  to  the  [urasile  than  tbe  material  of  normal 
excreta  is.  They  have  frequently  been  employed  as  such  in  the 
study  of  tbe  parasite  at  present  in  uoraiaJ  excreta,  and  again 
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•041  uain  it  has  been  observed  that  elemenU  which  in  their 
natural  Eocdtam  were  in  an  inactive  and  acemiogly  Ajiag  coii- 
ditidii  Were  mpidlj  roa«e<l  to  BCtivitjr  and  maUiplicatioti  under 
theii  jiidueooe.  I^eavirig  the  ohancet  of  exccasiveor  repeated 
introduction  of  oxtraueoua  reproduetire  elejiienta  «iitirelf  out  of 
BccooDt,  the  rapiditv  with  which  mnltipLicstion  br  divinon  maj 
occur,  ondci  favorabla  circumstances,  appcara  to  oe  amply  su(Q- 
cieat  to  account  even  for  the  fsccmivr  multitudn  of  zoospores 
[mMDt  in  certain  specimens  of  choleraic  excnta.  As  a  matter 
of  observation,  it  u  undoubted  ihjit  proceesee  of  division  may 
recur  at  a  rate  of  two  per  hour  in  the  aamo  sooopore,  and  a 
calcolation  of  the  number*  which  vomj  thus  be  dcrclopcd  under 
bvorable  ciroamttances,  eren  within  comparatively  brief  periods, 
cenders  it  evident  that  the  numbers  of  paraaitic  elements  present, 
even  where  mo«t  oxcesaive,  do  not  secestitato  the  conclnaion 
that  the  parent  bodies  originally  introduced  moat  have  been  very 
numerous. 

Experiments  on  the  artifidid  introduction  of  the  sponiUL'ia 
into  tne  bodieit  of  healthy  animals  have  nerer  been  foHon-cd  ny 
aaj  special  retull.  I  hnve  ag-jin  and  again  eaoied  a  dog  to 
swallow  large  onmbers  of  sporangia  in  all  at^a  of  dcTciop- 
meot  and  aeaiooation  without  the  treatment  producing  (be 
slkhteit  appredable  effect,  and  on  one  occasion  introduced  a 
solatioD  crowded  with  spores  into  the  i)eriloneal  cavity  gf  a 
goinea  pig  with  as  little  result.  The  presence  of  morbid  con- 
dition* certainly  determine  the  degree  of  derelopment  uf  the 
parasite,  but  the  pmencc  of  the  latter  seems  to  be  iucapabte  of 
gtmg  rise  to  disense.  Tbe  result  of  these  experiment*  is  sog- 
gcstirc,  inasmuch  as  it  shows  how  clooely  parasitic  aigantsms  may 
be  onociated  with  disease  wilhoat  being  causally  related  to  it. 
In  many  cases  in  which  experiments  have  beeu  supposed  to 
detBonstratc  the  tMential  dependence  of  disease  on  ])arasitic 
oigniiams,  tlie  procedure  has  not,  as  in  the  present  case,  con* 
sisted  in  the  introductiou  of  these  organisms  per  k,  but  in  tbe 
introduction  of  morbid  Quids  or  other  materials  containing  tbem. 
For  example,  we  find  Liisch  iilhriniiig  the  essential  causation  of 
certain  dyacnterie  conditions  to  lie  in  the  presence  of  his  Amaba 
e^i,  because  in  one  instance  where  he  iajeotcd  dysenteric  excreta 
containing  the  parasite  into  the  rectum  of  a  dog;  dyaenteric 
lesiflos  and  a  development  of  the  pamiite  ensued.  Now,  there 
can  bo  doubt  that  if  in  tlie  present  series  of  experimeDts  morbid 
fluids  Doutoining  the  pansite  bad  been  employed  in  place  of 
daan  apccimens  of  sporangia  and  spores,  tbe  results  might  have 
been  very  different.  If  a  solution  of  choleraic  or  normal  ex- 
crtta  coDtaiDing  the  parasite  bad  been  substituted  for  tlw  solution 
of  tba  spores  per  at,  iu  the  cxi>crimciit  on  tbe  guinea  pig,  it  may 
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■afely  be  affirEaBcl  that  Bepticmiia  tending  to  a  fatal  remit  wool 
luve  followed ;  aod  it  is  very  probable  that  had  the  parasitic 
elementa  in  the  excretal  solution  C0D*t«t«d  of  driMl  or  encTtted 
■pom,  ve  ahoold  have  had  a  coinddetii  development  of  tbe 
paraiil«  paraUel  to  that  occurring  in  the  blood  cnltifatioDa  pre- 
viously described.  Had  this  been  so  we  should,  fotlowiog  a  lins 
of  ar);aineat  fimilar  that  adopted  in  reference  to  the  reiUtioQ  of 
Amaia  coti  to  dysentery,  ha?e  been  led  to  coDdnde  that 
paiasite  was  the  cause  of  death. 

The  uhenomcna  prcscnlccl  by  the  parasite  w)io4e  Itfe-h: 
forms  tn«  subject  of  the  foregoing  i>ages,  in  the  variooa  si 
of  its  development,  render  it  somewhat  dilHcult  to  determine  to 
what  group  of  organisms  wc  ought  properly  to  refer  it.  In  any 
attempt  at  doing  so,  tbe  question  of  its  animal  or  vestal  nature 
need  not  occupy  as,  as  it  appear*  certainly  to  belong  to  that 
aerica  of  ot^nisms  which  in  the  mean  time,  at  all  events,  mast 
be  iocloded  in  the  Protista,  tbr  iDtenocdiate  kingdom  to  whidl 
all  doabtful  organisms  wanting  iu  differentiated  animal  or  vegetal 
characters  are  convenientlr  referred.  I^eie  are  two  gnnpa  in 
this  no-man's-land  to  which  it  shows  certain  points  of  affini^, 
appeariue  in  tome  re«peets,  indeed,  to  occupy  an  iatenaediale 
poattion  between  them.  I'heae  are  the  Monadina,  as  they  are 
termed  by  Cienkowski,  or  the  Pntomwtadina,  as  they  have  been 
Babteqnently  aamed  by  Hoxkel,  and  the  Mynmifc^ei,  which  arc 
by  sonc  stw  regarded  as  an  order  of  fungi.  It  apjM-ars  to  be 
related  to  the  Monadiaa  in  tlie  absence  of  any  definite  plasmodia] 
stage  ioteruosed  between  the  soosporic  and  the  sporangial  one, 
ana  in  the  tact  that  individual  nnils  developed  from  single  spi 
appear  occasionally  to  proceed  to  ajwre  formation.  On 
other  hand,  the  complex  nature  of  the  sporai^,  which  are  de- 
veloped as  the  result  of  the  close  aasoeiatiou  and  more  or  It 
complete  fusion  of  distinct  aoosporte  dements,  points  to  a  elt 
affinity  to  the  M;xomycetes.  In  aome  cases,  indeed,  the  fuaioi 
of  the  formative  elements  advances  ao  far  as  practically  to  be 
equivalent  to  plasmodial  formation,  but  the  occurrence  of  such 
a  uheBomenon  cannot  be  regarded  as  normal,  llic  spore»,  u  a 
riue,  being  developed  in  groups  oorrespondiug  to  individul 
anita,  and  the  fnsion  in  any  case  being  immediately  aoteocdcnt 
to  tpore  formation.  In  cuaracten,  too,  the  sporangia  dosoly 
resemble  those  in  certain  forms  gf  Mjfjr<ai^feet<n.  Tlie  orgaiiio 
gtanales  developed  in-  the  walla  closely  reaemble  those  clurao* 
teiiaing  some  myxomyccte  sporangia,  and  the  ridging  or  rei 
cubtion  of  Um  inner  surface  of  the  membrane  and  the  ra< 
mentar;  capiUilinm  clearly  cormpor  ^res. 

Taking  all  lU  duractera  intn  eoosidrr  ipt^ari 

tttlier  to  represent  a  rudimcnttuy  fonn  oj  the  ciyxomvcnc  gionp, 
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ud  it  nuf,  tlierefDre,  be  coavau«n(l]r  distiuguislicd  by  the  name 
of  JfniomfxomvMt  ceprinatittt. 

It  baa  aliMdy  been  pointed  out  that  the  dilTereDt  dcTclop> 
mental  forma  of  tbo  parasite  exhibit  a  high  debtee  of  Tariability 
under  llie  iiifluenc«  of  rannliona  in  the  external  conditions  to 
which  they  are  exposed.  Various  forms  of  the  Kooiporci*  arc  tbaa 
CDOOuntercd,  replacing;  one  another  b  different  media  and  in  (lie 
aatne  medium  at  different  timca.  In  some  cases  the  flsgp-llutc 
Boosports  show  m  dittinct  contractile  resicle  and  nucleolar  point ; 
in  otbere  any  differentiation  of  such  strnctoies  wemn  to  be  want- 
ing. The  degree  and  obaracter  of  movement,  the  eontistenoe, 
aite,  sod  outline  of  the  body  ore  alao  extremely  inconstant ;  antl 
■  aimUar  variability,  although  jK-rfaap«  lo  a  *ofncwhnt  slighter 
extent,  prevails  lu  tlie  amoeboid  stage.  There  is  one  very  diatinct 
form  of  the  Hagellate  zoospores  which  in  many  rcs)>ects  is  so  un- 
like the  common  oat's  that  it  might  readily  no  reeaided  oa  an 
iiidicafiou  of  *[>eciflc  difference,  were  it  not  pOMiblu  to  obscTTc 
ita  origin  as  a  mere  transilion  form.  In  this  ease  the  body  is 
chanctcrised  by  a  peculiar  spatbulato  flattened  eontonr,  and  ex- 
hibits a  necohar  ^pe  of  morcment,  consisting  in  a  hince-like 
flexion  of  the  posterior  slender  portion  of  the  body  on  the  an- 
terior broader  |)art.  In  some  ipecimens  of  choleraic  excreta,  as 
was  previously  pointed  ont,>  this  variety  almost  entirely  replacea 
the  normal  una,  hut  its  occurrence  is  not  limited  to  anch  media, 
as  it  ha*  more  than  once  been  observed  to  ari«e  in  cultivations 
of  oow  dung.  Variation  in  the  size  of  the  spores*  in  the  same 
or  in  differcDt  sporangia  is  a  phenomenon  of  constant  occur- 
rence, and  one  which  runs  through  a  wide  range  of  develop- 
meat.  A*  we  have  previously  »een,  moreover,  there  is  aome 
maon  to  believe  that  there  are  two  dialinct  forms  of  spores, 
which  may  replace  one  another  more  or  leM  completely  under 
different  rircuomtAncea,  thir  commoner  one  being  distinguished 
by  its  spherieal  or  biconcave  figure,  the  otbci  by  its  smallet 
SIM,  more  or  less  fusiform  outUne,  and  well-miirkcd  nucle&tion. 

So  ^  as  I  have  been  able  to  aecrrtnin,  (tie  occurrence  within 
the  digestive  canal  of  the  human  subject  in  this  part  of  [ndia  of 
zoo>[iorcs  or  amieboid  bodies  belonging  to  any  other  develop- 
mental eycle  than  that  which  bos  been  describnl  above  is  very 
rare  and  ((uitc  exceptional.  It  is  different,  however,  in  tlie  caae 
of  other  Animal*  in  which  the  same  parasitie  forms  occur.  lo 
many  apecimewi  of  freah  vaccine  excrela  smaller  numbers  of 
rariooa  other  oiganismB  an  also  occasionally  prcfcut.  Some  of 
these  are  unqaeationably  specifically  distinct,  and  others,  while 
not  uneqoivooally  so,  still  prMont  certain  characters  requiring 

■  '  Sflveatli  Aaanxl  Itepart  of  tli«  SuiiUry  Connusaioiier  with  the  Uo* 
VCTBBieiil  of  liuli*,'  Appeailix  B,  p;  1S9. 
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Hmt  ibef  ahooU  io  th«  mMotiim  bo  kept  apart.    Of  the  fonner' 

dm  of  bodies  one  of  the  most  frrnu«Dt1i 

■  moies 

the  latter  wr  have  Tarioiu  loovporic  fomu  ehknctcriMd  b;  tbe 


\t%  one  of  the  most  frrr(u«Dt1^  pment  ia  sppAnntlj 


.  of  Cbbmjdopfarya,  Cien. 


r(U«DtlT 
,'  while 


«B  npmenutiTM  of 


pOiM(«iiion  of  a  difTermtiDted  cell-wall,  and  bjr  the  firi  that  in 
thi;  pn>c«M  of  multiplicatioii  Uie  itoe  of  division  U  loogitudinal 
aad  not  trensTerse  to  the  origioal  long  axis  of  the  bodjr, 
ud  starts  from  the  paint  of  emergence  of  Um, 
(Fig.  g*)'.  ■  ■- 


*.  ^  M  g  y 


■■adiual  liinMon  x  1000. 


iUiotber  characterutic  onanism,  occauonallj  presenl  in  coD- 
•identble  nanben,  appear*  in  the  form  of  pecuiar,  aomewbat 
CTCMentiei  colourlets  ct\U,  vfatch  doaelj  reaemUe  certain 
ftuual  eonidia,  and  arc  freqaentl^r  aj^rcgated  in  linear  feriea 
(Fig.  25). 


Fn.  la.— Fniifonii  nlli  from  cow  ilin|  x  1O0O. 

In  some  eaaea,  too, «  mcaltjr  form  of  iporanxioid  struetar  _ 
makea  it«  appearance  HtW  oa  tlie  aome  taaU  with  the  obarao-^ 
teriatic  aporanzia,  or  apiMrentlj  replacing  thent.  In  colonrtbej 
vary  ooDflderaolf)  <&  wme  caKa  betag  pale  baff,  in  others 
ealnoa^eolonrwl,  and  in  otbor*  orange  or  tin.  Thtf  are  alraja 
of  ret^vdj  small  atae,  of  irregular  ontline,  and  onpravidnd  with 
RMfide  (ng.  S0). 
Their  t«xtiir«  ia  firm,  and  thejr  hare  a  nore  or 

*  "UtbeittciM  lUiaopoden  *qA  rorwuidto  OisuIsdiv^,     .t.jiTii.i 
e<Sknak  Aui/Bd.  iB,  a  U. 
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defined  c«(iaiU«.    Within  this,  as  a  rale,  ve  find  n  tliia  Uj-er  of 
gruoUr  KWtter  sunooniiiDg  b  dauc  mass  of  minut*  cirealar 


: 


Fw.  Hi^—A,  Sfonagoii  aum  k  M'    B.  Sporukt  x  1000. 

i^roid  bodies  awnsuring  about  I'd  n  in  diameter.  Tlw  dtvclop< 
Bieat  of  thcM  cponngia  has  not  btxn  followed  out,  so  that  their 
tne  natoie  remains  uncertaiii. 

The  prineipal  conclosions  wbioli  nxm  to  be  warranted  aa  the 
result  <^  these  investigations  bnve  bc«n  nlrcadjr  stated  in  the 
course  of  the  narrative,  but  in  concluding,  it  mny  be  veil  U) 
bhog  them  together  into  a  continuous  series.  Tliej  are  as 
follows : 

1.  Spedal  parasitic  forms  may  be  s^UUy  assodated  with 
[iirtieuiar  fonns  of  disease  without  holding  auj  causal  relation 

to  tlH*IIl. 

2.  The  monadic,  amoDbal  and  sporoid  bodies,  so  abundnnl  in 
many  choleraic  excreta,  are  all  developmental  forms  of  one 
species  of  psiaaitc  which  I.  propose  to  call  I'rolamymmfCM 
eopriMaruu. 

3.  This  parasite  appears  to  be  closely  related  to  the  organisiDs 
Laoluded  within  the  Protifl  groups  of  Prutomcmsdina;  and 
Ujxomycctesiaad  in  certain  rejpectit  seems  to  represent  a  ooo- 
nectiotf  link  between  tjiem. 

4.  It  is  not  confined  to  choleraic  or  even  to  humna  excreta 
M  •  basis,  and  onljr  sitaiiis  il«  full  d<^vrlopa>cn(  external  to  the 
bodies  of  the  animals  within  which  it  occurs. 

5.  Its  immature  forma  occur  paruitieall;  as  normal  inma,t«s 
of  the  digestive  csnal  in  certain  of  the  lower  animals. 

G.  In  the  human  subject,  both  in  health  and  disease,  thej  are 
very  frequently  present  in  varviug  numbers. 

7.  During  healtli  tlie  number  and  activity  ore  Uaiited,  doe 
to  n-pressive  influences  i-xerted  by  the  normal  intcetioal  con- 
tents ss  a  medium. 

S,  Their  excessive  abundance  in  certain  forms  of  disease  is 
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doe  to  abnormal  condiUoDs  of  the  iotestinal  conteaU,  femdttiag 
of  the  occurrence  of  proce«g«  of  rapid  mnltiplicttioiL. 

9.  Nonnal  hamta  excreta  do  Dot  form  a  medium  id  which  my 
firther  derdopment  of  the  puasitic  elemeDts  outride  the  ho*t> 
hoij  can  oocor. 

10.  On  the  contnr;,  the  aormal  taiet  of  fermciiUtiTc  chsngw 
UuiH^  which  the  exeieta  a»m  titer  ezil  from  the  bodjr  easttna 
ttie  eoraplete  destxuctioii  of  the  pinntie  dementa. 

11.  No  BDCb  drrtnictiTe  effect,  however,  u  exerted  bv  the 
chaogea  occurring  daring  the  decomposilion  of  the  ricnlA  in 
certain  lower  animal*— ipedaily  cow*  and  horves ;  and  here  the 
rtnn'''"  elements  on  tbeir  escape  &om  the  body  nndctgo  farther 
proeeasea  of  development  resulting  in  the  prodoetimi  of  repro- 
UKtiTe  bodies  Kcaring  the  contuiasnc«  and  difTnaon  of  the 
epedcf. 

13.  Such   excrctal  matters,  therefore,  aerre  as  a  oonatant 
Bourcc  whence  parajitic   clcmenta   maj  be   tnutfemd  to 
bodies  of  other  animals. 

13.  Human  excreta  which  have  passed  throo^  the  ii    _. 

ftrooeues  of  decomposition,  and  which  bare  ihna  De«ome  alka-- 
ine,  allow  of  the  coDlinued  extctenoe  and  muitiplicatioQ   of 
elements  of  the  parasite  which  tOMj  tben  obtain  aoeeea  to  them, 
and  mar  thus  serve  as  a  aeoosd  eeatre  of  reprodadion. 

14.  llie  introdnrtioo  of  the  repeodoctivc  elements  of  the 
paiuitc  into  tlte  human  body  it  oninlf  effected  through  the 
nedium  of  the  air. 

Ifi.  The  iotroduction  of  the  reprodnctirc  elcoienta  per  m 
aeems  to  be  quite  inuacDOUS. 

16.  The  fpeotaJ  aaeodatiop  of  the  parasite  with  intestinal 
disorders  appears  to  be  dependent  on  the  abnormal  eonditioB  of 
the  intestiaal  oonlcnta  aUowtn|[  of  the  r^iid  mnltjpliealiaa 
teprodoettve  demcnls  which  may  obtain  accesa  to  then.       "^ 
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Reskakcubs  upon  the  DKTBLOFMXtrr  of  Starch-Grains. 
By  A.  V.  W.  ScHiMPgB.     (PI.  X1X.)> 

1.  Tbk  foTmation  of  BUrcti-grain*  in  clilorophyll.corpus- 
cles  was  investiffaled  fir(t  hy  N^geli'  and  then  bj  Sachs,* 
and  the  couchisions  arrived  at  were  ibe  eaine  in  bolh  cases. 
Bolh  obfvrvers  directed  their  attention  principally  to  the 
Itraves  of  flwweri"({  pUnia,  but  Niigeli  further  gbserved  the 
greet!  ground-tissue  of  the  otema  of  certain  Cucti  and  also 
the  Charsceie.  Accordin);  to  their  accounts,  which  are  essen- 
tt«Uy  the  K4tiie,  the  starch-grains  arc  formed,  cilhcr  singly  or 
ccTcnil  toother,  at  varioua  poinU  in  the  chlorophyll -corpus- 
cles ;  they  then  increase  in  size,  and  where  several  are 
present,  tliey  hecotne  flattened  along  the  planes  of  contact. 
The  chlrjrophyll-corputclc  also  increases  in  size  at  first,  hut 
it  subserjueiitly  diminishrs,  and  it  frequently  disappears  more 
or  less  completely, 

I  can  confirm  the  results  of  thew  observers  as  regards  the 
tnaterial  which  they  used.  This  mode  of  the  formation  of 
starch  appears  to  be  universal  in  the  meisophyll,  and  it 
occurs  also  in  the  green  portions  of  the  stems  of  many,  but 
not  of  all  phanerogamous  plants.  The  mode  of  the  formation 
of  starch-grains  in  the  ntcms  of  some  plants  differs  con- 
siderably from  that  which  has  been  described.  In  these 
ease9  the  starch -Riains  do  not  originate  nt  any  indefinite 
point*  in  the  chlornphyll-cotpu»cleJi,  but  always  jmt  beneath 
their  free  surface  (fius.  4,  6,  9).  The  thin  layer  of  the  chlo- 
rophyll-corpuscle which  covers  the  slarcb-grains  is  soon  rup- 
tured, and  the  grains  then  project.  They  frequently  appear 
to  be  quite  superficial  from  tli<^  beginning. 

If  the  chloTajihyli-corpuBcles  are  spherical  and  not 
flattened,  Htaich-graine  may  originate  at  alt  poinu  of  the 
peripheral  portion.     If,  bonovvr,  itnd  this  is  more  fiequently 

■  Tliia  caper  ma  pnUithed  in  tbe  'Botaniscbe  ZcitaiiK'  for  ISSO, 
Ko.  S8.  Tbe  oathor  bad  no  ofiportunitT  of  sedne  tbe  pepu  bj  Dehnncke 
OD  «  BntiUr  sabject,  vliieh  vm  pttblubed  earlier  ia  tu jfcar,  "  Ucbcr 
dmU  aatinulireode  Cbkropiiyllkfimcr "  (Dot.  lamtg,  Bonn.,'  ISSO). 
DtkMckc  sbovt  that  start^-itTaiM  nwy  be  fiamod  in  cUarc(ihjl|.oorpnse]m 
DltonriM  thaa  bj  nsJntilatMa. 

•  '  Zsitacli.  fu'  wiss.  Bol.,'  U«n  iii  a.  It  •  'Die  St&rkekonier,'  p.  303. 

■  "  tTob.  ilea  Einiusa  ii«s  Iiicfalciaa/  die  BiMung  dci  Amjtunis  in  den 
OhbraptiyUkorneni,"  'Dot.  ZciuV  m^i  "I'cb.  die  AuflMung  nod 
W!ed«ibitdQue  do*  Amyiiio)*  in  dto  CUocoplijUkufDrrD  bci  wechModer 
iklfuelitmiir,'*    '  Bol.     &it«.,"    1804 ;     '  £xi>erin>«ntal     PhjtioloBic.' 
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tho  cue,  the  chloropliyll-corpusele  udiMoid,  the  localisation ' 
U  greater.so  l1ia(  the  formation  of  atarch -grains,  i*  confined  to 
the  equatorial  zone.  ChlorophyU>eorpuscles  of  this  kind 
often  produce  >ix  or  more  starch-graina,  which  {orza  a  girdle 
in  this  plane,  whereas  the  central  portion  and  the  flat  sui- 
faces  of  the  coipueclei  aro  free  from  them  (Gk*-  4  and  S) ; 
occasionally  a  minute  grain  may  be  formed  in  the  flat 
surfscc. 

TheM  peculiarities  in  the  mode  of  development  of  the 
siarch-grains  from  the  chlorophyll-corpuscles,  and  in  the 
mode  of  their  nutrition,  are  intimately  connected  with 
certain  peeuliarities  in  their  structure. 

The  starch>gTains  which  originato  in  the  interior  of  a 
chlorophyll-corpuscle  and  remain  enclosed  within  it,  have 
a  concentric  structure  (for  instance  those  formed  in  th« 
cortical  and  medullary  parenchyma  of  certain  Cacti,  such 
as  CerevM  tpecioaisstmui} ;  in  most  cases  such  starch-grains 
remain  very  small  and  exhibit  no  difierentiation.  The 
starch  grains  of  Vanilla  plam/oUa'  (figs.  1—3),  which 
are  of  this  kind,  deserve  fpcciul  miction.  When  mature 
they  are  split-rical  completely  colourless  compound  grains, 
consisting  nf  hundreds  of  email  similar  polyhedral  grains ; 
they  closely  resemble  those  of  the  endosperm  of  the 
CaryophyUcs  and  of  the  tuber  of  MirahUia  Jalapa.  An  in> 
vestigalion  of  their  development  shows  that  the  small  grains 
arise  as  minute  points  in  the  chloropliyll-corpu:<cles;  they 
then  increase  in  tui;,  and  become  polyheilral  in  consi><{u^nce 
of  mutual  pressure;  the  substanco  of  the  chlorophyll-cor- 
puscle becomes  gelatinous,  decreases  in  *iw?,  and  tinally 
disappears. 

Those  starch-grains  which  originate  in  the  second  way, 
that  is,  in  the  peripheral  portions  of  thechlorophyll^corpus- 
cles,  usually  attain  a  much  greater  size.  Those  which  occur 
in  the  »tenis  of  Begonia,  Peperomia  {e.g.  P.  itenocarpa). 
Pelargonium,  Oxalis  Ortgicsu,  Dleffenhachia  Stiguina,  Ccu/us 
Malr>rtii:iinux,  and  less  markedly  those  which  are  prestml  in 
the  stem  of  the  Potato,  are  amotig  the  largest  and  the  most 
perfectly  dereloped;  they  exhibit  a  very  distinct  differentia- 
tion  of  bilum  and  layers.  Such  starch-grains  are  all  cceeu* 
trie,  and  the  side  which  has  grown  the  most  is,  without 
exccnlion,  the  one  to  which  the  chlorophyll-corpuscle  is 
attached  (figs.  8  a.  10  and  18).  From  this  fnct  it  clearly 
follows  that  thf  unt'quiil  growth  of  the  two  sides  of  the 
starch-grain  i*  a  coiistqiicnce  of  an  unequally  distributed 

'  For  Ibis  nslerUl  1  sni  iuJvbtul  to  the  kindness  of  Prof.  E.  Morrcu  of 
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nutrition.  This  conclti»ioD  i>  furtlier  supportml  by  the  fact 
tbkt  wht-'O  the  itarcli-grains  come  into  contuct  with  other 
chloTopbf  ll-corpuBclea,  prominences  are  developed  upon  them 
at  the  points  of  contact  (Pejteromia  tUnocarpa,  fig.  S ;  Oxalit 
Ortgictii,  Virffciil'arhia  Scffuina,  fig.  IS). 

The  liiSeitni  alages  in  ihe  development  of  the  starch- 
graiuB,  in  so  fur  us  ihey  are  ralated  to  the  chlorophyll-oor- 
puacleii,  arc  csKcnlially  the  follon-ing  :~'Thc  slarcb-graiits 
which  ate  pro<)uc«d  by  flaiioncd  rhlorophyll-corpnscle*  arc 
at  first  wpd|^e-ebap«d  aiid  fiattened  in  the  aame  planes  as 
the  chlorophyll-eoipuwlc ;  the  side  which  is  connected  with 
the  corpuscle  is  truncated,  oflcn  Romcvrhat  concave  or 
uneven,  wbereaa  the  free  end  is  rounded.  When  the  for* 
niation  of  starch  ia  rcry  couiidertibl^,  the  cblorophyH-coi- 
pusclc  ({ladually  ansumes  a  nuarly  ii^odiainvlric  form ;  it 
diminiiiica  in  density,  and  subsequently  also  in  aiie,  until 
ouIt  a  small  residue  of  it  is  left,  or  it  may  disappear 
eDtir«ly.  Simulianoously  the  Hlarch-grain  becomes  thicWr, 
and  usually  acquires  an  ovoid  form.  The  gntwth  of  the 
■taroh-grain  ceases  with  the  disintegration  of  the  chloro. 
phyll -corpuscle.  The  process  of  development  can  be  easily 
observed  in  feprromia  ttvnocarpa  (figt.  b — 8),  and  in  Oxaha 
Ortgittii  (figK.  9  and  10) ;  for  obserTinu;  tiic  first  forma- 
tion tlie  cortex  of  Fkitod^ndrott  grandifolium  (figa.  4  and 
5)  may  b«  recommended.  The  starch-grains  which  are 
formed  in  ehloruphyll-corpiisclcf  which  are  not  fiattened, 
are,  so  tiar  as  can  be  ascertained  from  the  scanty  obscrva. 
tions,  at  first  hemispherical,  the  fiat  surface  being  in  contact 
with  the  chlorophyll-corpuscle. 

In  those  clilorophyll-corpascles  which  are  capable  of 
pruducing  starch  in  all  parts  of  iheir  substance,  thi;  siarch- 
graius  luav  of  course  be  formed  near  the  surface  and  may 
sooner  or  later  project  freely.  In  this  oaM,  which  is  by  no 
mratis  rare  in  the  mesophyll  [e.g.  Tradescantia,  Begonia, 
&c.),  the  starch-grains  must  be  excentric.  1  hare,  however, 
not  succeeded  as  yet  in  finding  graitis  of  this  kind  exhibit- 
ing evident  differentiation, 

2.  The  ubaervalion  of  Ireah  sections,  not  too  thin,  of  parts 
of  planta  which  do  not  contain  chlorophyll,  shows  that  the 
stafch .grains  which  are  in  process  of  developmeat  are  not 
anrrounided  by  ordinary  protoplasm,  but  that  thej  are  con- 
ained  in,  or  attached  to,  iwculiar  refrangible  corpusclea 
which  are  usually  spherical  or  spindle-shaped.  These 
bodies  are  very  unstable.  So  soon  as  the  surrounding  fluid 
penetrates  into  the  cell  they  swell  up  cunf'idi-rnbly  and 
then  dissolve.    Close  observation  has  shown  that  prolonged 
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irratment,  for  days  or  weeks,  with  alcohol,  catwcs  these  cor- 
pDRclrf  to  twcomc  nnallcr  Knd  more  r«*Utiiiit.  ThU  effvct 
u  immediately  produced  whea  they  are  treated  with  a 
waierr  iodine  eolation,  and  this  i«  the  best  meaas  for 
cxamtaiag  them ;  tlicy  then  become  stained  of  a  darker  or 
lighter  yellow  colour,  according  to  the  coiicentrsttOD  of  the 
iodine  aolulion.  Milton's  reagent  coloura  them,  when  coa< 
irulated,  a  brick  red,  and  niiric-  ucid  colourtt  them  yellovr. 
ThiM  reactiona  indicati-  that  the  bodies  in  question  consist 
of  alburainofiB  aubsUnces. 

The  in  vet  ligation  of  the  earliest  stages  showa  that  these 
corpuscles  arc  present  before  the  starch -grains,  and  that  the 
itarch-graittR  which  are  aubaequently  produced  bear  the 
sane  relation  to  these  corpuscles  as  regards  thetr  develop- 
nMn(  as  the  siarch-grain*  which  are  developed  in  a««iTnitat- 
ing  oolla  da  to  tlic  chlorophyll-corpu&cles  whicli  urv  present 
in  those  cells.  The  a tarcn -grains  may  be  produced  at  any 
points  within  thesp  corpuscles,  or  their  formnttOQ  may  be 
oonfinvd  to  (he  peripheral  poition. 

The  slarch-grains  which  are  developed  in  the  peripheral 
nortion  of  these  albuminous  corpuscles,  and  which  itiereforc 
have  one  side  free  at  an  caily  period,  have  an  cxcentric  struc* 
turi-,  anil  the  hilum  lies  near  to  the  free  fiid  (figs.  19,  48, 
SO~—lQ,  48),  just  BS  in  the  excenlric  statch-gr^ins  which 
■r«  produced  by  chloiophy II- corpuscles.  If  the  slarch- 
grains  come  into  conlnct  with  other  of  the  corpuscles 
pTuminetices  of  various  forma  are  developed  upon  them.  In 
the  cans  in  which  I  have  ns  yet  investigated,  the  starch- 
grains  which  had  been  developed  in  the  interior  of  one 
of  these  coT|)U))cleA  were  cmnp<iund;  the  minute  grains 
compoail>|;  them  rarely  exhibited  any  perceptible  difjeren- 
lialicin,  hut  when  they  did  it  was  always  concentric  ( Sgs. 
H-k — tflt).  TliMe  cirpuscles,  like  the  chlorophyll-coiputielcs, 
beeome  larger  at  first  aAer  the  foimaiion  of  the  siarch- 
grain*.  and  this  is  usually  accompanied  by  a  diminished 
nfrangihility ;  they  then  beoonie  smaller  and  gelatiuoas, 
and  flually  they  altogether  disappear. 

The  behaviour  of  these  bodies  indicates  that  they  ate  i)>e  I 
slairh-forming  organs  in  celt*  which  do  not  assimilate,  that 
is,  that  tlie  csiuvcrsion  lolu  starch  of  the  assimilated  sub* 
aiaiKOs  which  hare  been  conveyed  from  other  parts  of  ths 
plant  is  rflieotnl  by  means  of  them. 

In  th«  cases  in  which  a  starch-grain  is  formed  in 
inlorior  of  one  of  these  corpuictes  its  function  t>  obviooi.! 
In  those  cbms  in  which  the  storch'grain  is  formed  in  tho\ 
pKiplMtii)  portion  of  tho  corpuscle,  and  soon  prajeeti  troelj 
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from  it,  tb«  fanctioti  of  the  corpuscle  U  iiiilicatoci  by  the 
coottant  conaectioa  of  the  etarch-graia  with  it,  aud  by  the 
Tact  thm  the  iwrtian  of  the  gruin  which  is  in  contact  with  it 
u  the  paiTt  wiiich  has  growii  the  most  npidly.  If  the  cor- 
puscle were  not  a  s larch-former,  it  would  only  hinder  the 
aoceBs  to  the  elnrch-i^aia  of  plustic  RubslaDces,  and  in  that 
case  the  growth  of  the  sidu  nf  the  grain  iii  contact  with  the 
corpoicle  would  be  le»9  than  that  of  the  other. 

I  shall  call  these  bodies  in  the  following  pages  "  slarch- 
fonniBK-cOTpqMlcs"  (5/n>A*'ti7i/Mi").' 

I  will  now  gire  a  thorl  account  of  the  development  of 
these  corpuscles  and  of  the  stNTcb-gnuos  in  a  few  plants. 

One  of  ihv  most  appropriate  objects  for  obserTaliona  of  this 
kind  is  the  epidemiin  of  the  stem  and  petiole  of  Philo- 
dendrvn  grandifolium  (figs.  14,  15).  In  young  celU  the 
nucleus,  which  is  either  parietal  or  suspended  in  the  vacuole 
by  thrraiis  of  protoplasm,  is  sevn  to  be  surrounded  by  a  con- 
siderable number  of  glistening  spherical  bodies,  which  much 
resemble  the  nucleoli.  The  development  of  these  bodies  is 
essentially  the  folio  wing; :— The  nucleus  of  a  young  cell  is 
suiTouiidud  by  a  layer  of  dcns«  protoplasm,  which  is  at  first 
uniformly  (hick,  but  which  subxisiui-ntly  becomes  uneven. 
The  prominences,  which  are  at  litst  hemispherical,  loiiiid 
tbeniMWes  off  to  form  the  sphencal  bodies  men [ioned  above, 
whilst  the  intermediate  substance  assumes  the  properties  of 
ordinary  protoplasm.  This  process  is  probably  to  be  iiitcr* 
preted  thus:  that  a  subsUnce  which  is  ai  first  uniformly 
distributed  in  the  protoplasm  investing  tlic  nucleus  separates 
out,  and  collects  around  certain  centre.i  of  atlraclion.  These 
Spherical  bodies  behave  with  reagents  in  the  mauner  de^crtlwd 
above;  they  an  tlie  starch- forming-corpuscles.  They  de- 
velo[M;  numeroas  Starch-gntiiis  close  Ixtnentb  their  surface, 
which  remain  small,  especially  in  the  petiole,  and  often  form 
a  hollow  sphere  surrounding  the  central  porrion  of  the  cor- 
puscle. In  this  central  poeitiou  it  appears  that  no  starch- 
grains  are  formed.  The  duration  of  these  starcli-grains  is 
umited ;  in   the    mature    ihick-wallcd    cells    of   the   stem 


'  Ibe  niMdas  coataiaiog  stan^  {Brathliteka),  wliicb  vers  discovered 
by  Nigeli  (*  Zeitach.  f.  Wiu.  Bol/  i,  S.  U9,  iii,  p.  109).  are  donbUca*  Ibe 
MineB*iwr*tarck.(oniuag.eotpnGles.  Tcjcul  (' Ann.  d.So.  Nal^'s^r.  4. 
t,  X,  "  Dm  furaislians  vtMdoiuuics  dans  le*  cellalu  ligetAln  ")  obt«ned 
aad  ooncetl?  drow  ikets  bodka  in  >be  sndMpcrin  of  ccrtnin  Cujophjllcat, 
CbBBopodiaenr,  Gruiincs^  tc.  The  namcmD])  new  ubsemnUuni  niiich 
kis  fiapsr  eoatauu  hvn  rtauuaed  conpaiatircly  unknovu  iti  voostquuuoe 
ol  lu  ntraordiBarr  (hrarics  whkk  lie  builds  upou  llitim,  aud  of  rcuiuksble 
erren  hi  atltcre  <a  htA. 
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nothing  earn  be  M«a  of  tfaem,  or  of  th«  corpiudet  wlucb  lurf 
pTodaced  tbem. 

The  starcb-formiog-corpii»cl«e  of  msny  planu  bare  the 
same  pntperttea  and  mxc  foimed  in  the  came  way  as  thowe 
which  have  been  described  above,  bat  ibe;  differ  from  ttMn. 
more  or  less,  in  the  mode  in  wbicji  th«j  prodoee  the  starcb- 
erains.  In  many  initancet  th«  ttareb-gnuns  are  produced 
in  the  manner  described  above,  but  the  number  of  thnn  ts 
«BuUcr,  and  they  attain  a  more  connderaUe  eize.  This  ia 
tha  ease  in  the  ihizomc  of  Am«mtim  eardamomiim,  which 
annilies  cicellent  material  for  investigation. 

lite  starch-grains  in  the  ibizorae  of  A.  eardamonutm' 
(figs.  16 — SO)  arc  large  and  club>sha[>ed  when  mature,  and 
they  exhibit  distinct  internal  difftrentialion.  Th«  hilom  is 
rerjr  cxccntric,  and  lies  towards  the  thicker  rounded  end ; 
the  other  end  is  truticate.  Compound  )praia6,  cousistiug  of 
two  or  three  smaller  ones,  arc  not  uncommon. 

Tb«  fllarch-forming-corpiiscles  resemble  tboM  in  the  «p»- 
dcmia  of  Pbilodendroii  in  reaped  of  siae,  form,  and  mod*  of 
devefepment,  bat  they  are  paler  and  less  subte.  The  siardi* 
grains  are  formed  is  tbem  juet  undnr  the  surface,  or  even  on 
It,  and  are  irithcr  solitary  or  two  or  three  together.  Thej 
are  at  first  hembpberical,  attached  by  tbe  flat  surface  to  the 
starch -forming  coipnades,  which  are  flattened  at  the  pointo 
ofcoulact;  they  aubeequently  assume  a  club  shape.  Tbe 
hilum  always  lies  towards  the  free  end  of  the  grain.  When 
two  or  three  statch-grains  ate  formed,  compoiiad  grain*  ai« 
produced.  The  Btatch-farming-corpuiclH  become  at  fitat 
larger,  and  at  the  same  time  less  dense ;  at  a  later  stag*, 
when  the  ttarch-grains  have  uearly  attained  their  dcfinitiva 
size,  the  corpuscles  can  no  longer  be  distinguished,  or  deli- 
cate gelatinous  remains  of  them  cau  be  made  out  by  the  use 
of  iodine  solution.  When  the  grains  are  mature  it  ia  im- 
poasible  to  detect  any  uace  of  tbe  corpuscles. 

The  statch-forming-corpusclcs  in  tbe  rhitome  of  CsJo«aaM 
amHfuorum  differ  from  thuae  which  have  just  been  described 
only  in  that  tbev  give  rise  to  slarch>graius  throughout  tbeii 
whole  mass,  llie  very  numerous  grains  formed  ia  a  eoi^ 
pasde  cohere  to  form  spuriuusly  compound  grains.  This 
mode  of  the  dcvdupinvnt  of  Kiarch-grains  is  more  fully  de- 
acribed  in  the  following  example,  in  which  I  have  studied  it 
more  closely. 

The  stami-grains  in  tbe  endoepcnn  uf  B*Ut  trigj^tta 
(figs.  30 — SS)  arc  large,  ■pbcrical,  or  aonewhat  doogated^ 

'  I  ohiuisd  this  from  tiis  Botanic  Gonlea  at  SuaMboig.    jLs  tlia  | 
WH  not  ia  tmv  si  Uis  uae  I  cuaat  wuk  (sf  Us  idsstuy. 
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tnd  ibey  cansJet  of  innumerable  minute  poljrbedral  grains. 
to  ripo  seeds  these  minute  grains  have  always  become 
separate. 

Immedintelj'  before  the  first  formation  of  the  sUroh-f^nins 
the  itarcb-formin^-corpuscles  are  epheies  of  rather  larger  »ixo 
and  loner  refraDKiliility  than  tho«i  in  the  epidermis  of  Philo- 
iendron  graitdifolium.  Th«y  are  very  numcrouH,  and  tliey  are 
espcciiillr  collected  on  tht;  InK^ral  vfalls  of  the  cells.  The 
modu  of  their  development  ditfers  but  liltle  from  tliAt  which 
haa  already  been  described  in  other  cases.  In  the  youngest 
cells  the  nucleus,  ivhich  is  usually  suspended  in  the  cavity 
of  the  cell,  is  surrounded  by  a  very  thick  layer  of  peculiarly 
'istening  proloplnvm.     This  bocomoN  {wlor,  and  a  number 

bright  points  become  apparent  in  it;  the«e  enlarge  into 
•plit-res,  and  the  remainder  assumed  the  appeaianccs  of  ordi- 
uary  finely  granular  protoplasm.  Some  spheres  also  make 
their  appearance  in  the  strands  of  protoplasm  which  connect 
the  protoplaem  around  tbcmKelve:*  with  the  parietal  layer^ 
and  some  appear  alao  in  this  layer  itself.  I^c  corputclcs 
nilargo,  ibeir  refrangibitily  diminishing  at  the  same  time, 
and  the  protoplasm  with  the  nucleuc  coalesce  with  the 
parietal  layer. 

The  first  starch-grains  are  apparently  formed  in  the  peri- 
pheral poniou,  but  this  has  not  yot  been  quite  definitely 
ascertained.  The  coqmecle  eoon  beoooie*  turbid  in  con- 
Mqaciice  of  tlie  picfence  of  a  number  of  minutv  granules 
which  increase  in  size  and  become  starch-grains.  The 
whole  body  increases  considerably  in  siise,  and  it  may  cither 
retain  its  spherical  form  or  become  more  or  les^s  elongated. 
The  Bubataoce  of  the  corpuscle  diminishes,  and  finally 
disappears  altosdhcr,  whilst  the  starch-grains  fill  up  tht 
whole  spnee,  und  bccoiiio  polyhedral  in  consequence  of 
tnatual  pr^^surr.  In  thi*  way  (he  above-mentioned  com- 
pound grains  are  producud,  which  must  therefore  be  regarded 
a«  npunously  compound. 

The  starch-grains  in  the  endosperm  of  Mtlamlnjtim 
macrocarjium  (tigs.  H-i — Hit)  arc  I'l^c,  spherical,  or  ovoid, 
and  GOuai»t  of  innumerable  minute  grains,  which,  as  in 
Beta,  separate  as  the  si.-wl  ripens. 

The  starch -forming-corpuscles  which  produce  them  are 
moderately  large,  spherical,  or  spindle-shaped,  and  lie  in  the 
pari<-tal  pioluplut'm  upon  the  nucleus.  They  arc  few  in 
number.  Thej  ditfer  from  tho*c  which  have  been  already 
described  in  that  they  arc  formed  at  various  points  in  the 
protoplasm,  which  is,  from  tht  first,  parietal.  The  piooese 
ta  in  uther  respects  esKcntiatlj  the  same  in  all  cases.  The 
VOL.  XXI.~-XltW  SBH.  U 
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thin  protoplasmic  HniDj;  of  ihe  youngest  cells  is  tctj  dense 
and  ifUsteaiDg  ;  its  rarfaoe  is  at  fiist  smooth,  but  it  bnomes 
uneren.  The  prominences  become  rountlcd  off  and  fotin 
6phcrc»  or  !<pindles,  whilst  tbc  sabstance  between  tbem 
MCoioes  onlinary  proloplaem. 

The  formation  of  starcli-^aini  begin*  very  early,  ereo 
before  the  complete  differentiation  of  the  starch-fonning- 
corpuscles.  It  is  indicated,  as  in  Beta,  by  a  turbidity  in 
the  coiptucle,  and  by  its  turning  blue  when  treated  witli 
iodine.  Thi:  grains  become  gradnally  larger  and  more 
numerous,  and  polyhedral  in  consequence  of  matoal  pres- 
sure. The  substance  of  the  corpuscle  diminishes  and 
appears. 

The  young  white  tubers,  surrounded  by  leaves,  and 
roots  of  Phajttt  yrandifolitu,  contain  rather  large  starch- 
grains  of  a  triangular,  much  flattened  form,  and  of  definite 
excentric  structure  (S||;s.  S3 — tl). 

The  Toun^  staTch-;>raiQS  are  attached  by  their  posterior 
ends  to  rod-shaped  bodies  which  lie  patallcL  to  the  Woadest 
side*  of  the  starch-grains.  These  rods  give  the  same  le- 
actione  as  the  •Urcu-forming-corpuscles,  and  the  study  of 
their  development  sbow«  thftt  they  are  bodies  of  this  kind. 
Wlien  ueated  with  water  they  become  tpherical  vesicle*  and 
then  disappear. 

Bodies  of  this  kind,  which  are  not  attache'j  (o  stareb- 
grains  in  older  cells,  are  found  in  the  epidermis,  both  of  old 
tubers  which  have  become  green  and  in  young  ones,  col- 
lected around  the  remarkably  granular  nucleus.'  In  very 
young  cells  ther  produce  small  starch -grains.  I  was  aUa 
to  study  the  devclopmeiil  of  these  peculiar  starch -forming- 
corpuscles,  but  the  small  amount  of  the  mati-rial  prevented 
ne  firom  miikin{(  out  all  the  details  with  certainty.  In  the 
youngest  cells  the  nucleus  is  surrounded  with  a  layer  of 
dense  glisiening  protoplasm,  as  in  the  epidermis  of  Philo. 
dendroQ.  At  a  later  stage  numeroua  minute  delicate  spin- 
dies  are  found  lying  in  the  protoplasm  which  now  pmwnts 
its  onlinary  appearance.  These  ■pladles  soon  give  riw 
to  tmall  starch-grains  which  disappear.  Thv  corpuscln 
enlarge  and  assume,  even  when  the  starch  U  being  formed,  a 
TOd-thape. 

Exactly  the  same  apparently  takea  place  in  the  toot  (6g«. 
38 — 56),  where  it  is  eaty  to  observe  the  ■tut!h•fomnng--cor- 

tlaKIe8  before  the  apjw-aninre  of  the  •t«nth-|[rains  and  l« 
itUow  the  derclopment  of  the  latter.     T^  ti 

wn  eoU«et*d    round  the  nucleus,   and 

■  Gn*.'ABn.  J.SeLNat.,<a#r.4,tTii,|d.  A,l(s.  I 
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spindle  sIia|M!<I,  form  on   (hoir  surfxcc  one  sUrcb-graiii,  or 
sometimes  two  or  three,  which  i»  «t   fir.it  conical;  nhen  iti 
bit«  Kltainwl  the  thickness  of  the  corpunde,  which  hns  in  thfl  I 
meantime   l>ecome  rod-shaped,  it  increasea   in   the   almost] 
■olnly  in  «  plane  which  is  parallel  to  that  of  the  corpuscle. 
Il  appears  Irotu  this  that  not  otil;  does  the  unequal  growth, 
which  produces  the  cxcentric  structure,  depend   upon  the, 
node  of  nutrition  of  the  gr:tii),  but  alto  the  unequal   in>l 
crease  of  it«  diatnclors  which   produces  the  flnttoned  form. 
The  layer  of  the  cor|)UBcle  which  immediately  invests  the 
grain  is  delicate,  and  is  mote  or  \ess  swollen  (tig.  41).     Th«  < 
nirther  behaviour  of  the  corpuscles  is  similar  to  that  de- 
•cribed  in  other  cases ;  they  become  less  dense  and  suble, 
are   rcdncvd    to    n   amall  swollen   {glutinous   residue,   and 
finally  diMppear. 

The  formation  of  starch  in  the  parenchyma  of  tho  young 
tubers  (figs.  SI — 10)  takes  place  in  essentially  thesamcway 
a«  in  the  root.  I  have  not  succeeded  in  observing  the  cor- 
puscles in  this  cn«e  before  the  appearance  of  the  siarch- 
grains:  the  apices  of  the  minute  epmdies  already  contained 
them.  Both  corpuscles  and  grains  increase  in  size  and 
become  much  larger  than  in  the  root.'  Their  further  beha- 
riour  will  he  described  in  the  following  M-clion: 

The  Ktarch-grains  in  the  rhizomi!  of  Canna  gigantea  (figs. 
-!(> — >19)  are  vcty  large,  triniigular,  and  flattened  ;  they  arc 
excentric,  and  are  citnct  simple  or  partially  or  entirely  com- 
pound, consisting  of  a  few,  seldom  more  than  ten,  small 
grains  which  are  usually  arranged  in  a  row. 

The  storcli-forming-corpusciei  resemble  those  of  Amo- 
mum  CarJamomum  in  their  development,  and  at  first  in 
ibeir  form  alio;  they  differ  from  them  only  in  that  they 
usually  contain  a  tabular  crystalloid,  which  is  either  octa- 
hedral or  cubical,  and  which  only  becomes  apparent  on  treat- 
ment with  water.  The  6rststageain  the  development  of  the 
ftarch-^ins  are  the  same  as  in  A.momum  ;  they  are  formed 
exrentnciilly  or  even  supcrfictally  in  the  corpuscle,  and  there ' 
may  be  one,  two,  or  three ;  they  have  at  first  a  rounded  form 
which  itt  somewhat  Saileiied  at  the  point  of  attachment. 

The  corpuscles  now  behave  very  diffexenily  from  those 
of  Amomum  ;  they  grow  in  one  direction  only  and  acquire 
an  elongated  form.  11ic  starch-grain  grows,  as  in  Phajus, 
in  a  plane  which  is  parallel  to  that  of  the  corpuscle  which 
formed  il,  and  the  hiUim  lies  toward*  the  free  end.  The 
crystalloid  lies  in  a  projecting  portion  of  i!ie  corpuscle. 

The  further  Whaviour  of  the  corpuscles  is  the  same  as  it 
Tim  ia  well  (cea  in  icclion*  wbieh  lisve  been  bardeoed  ia  aicobol. 
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IB  in  the  precedinR  caee.     They  become  gradually  leas  it 
and  resistant,  and  form  only  a  ilclicatv  inv<c*tm«nt  to  ifae' 
posterior  ends   of  the  starch-graiiDi  by  the  time  that  tbey 
nave  obtained  ont.--balfof  their  definite  size. 

In  oertain  ce\U  of  the  cortex'  spindle-shaped  bodies  contaia- 
ing  crystaUoids  are  found, which  are  doubtless  starch-forming* 
corpuules  which  have  produced  no  surch  (Gg.  54).  In 
the  external  part  of  the  cortex  the  corpuscles  and  the  starch- 
grains  are  small,  and  alwavs  present  the  same  api>earaace  at 
the  apical  region  in  its  earlier  stages. 

An  account  has  now  been  given  of  all  the  various  modes 
of  the  formation  of  starch  which   I    have  as  yet 
They  may  be  conveniently  ubulated  as  follows : 

1.  Starch-forming-corpiiseles  sphorical. 

a.  They  are  formed  only  in  the  protoplasm  ' 
inveeta  the  nucleus : 

(a)  They  form  starch  throughout  tbeic 

mass  ;  Colocasia. 
(P)  They  form  starch  only  in  their  periphery ; 
rhilodendron,  Amomum. 
i.  They  arc  formnl  in  the  protoplasm  surrounding 
the  nucleus,  but  to  some  extent  also  in  other 
parts: 

(fl)  They  form  starch  throughout  their  whide 
mass :  Iteta  trigt/na. 
c.  They  are  formed  in  all  parts  of  the  protoplasm : 

(a)  They  form  starch  throughout  their  «liQte_ 
mass;  Melandryum. 

S.  Starch-forming-corpuscles,  spindle-shaped. 

a.  Thtry  are  formed  only  in  the  protoplnsm  which 
invests  <h<:  nucleus : 

(^)  They  form  starch  unly  in  thrir  periphery ; 
Phajus. 
e.  They  art)  formed  in  all  parts  of  the  proloplaxa : 
(a)  Thsy  form  starcli  throughout  their  wLoIe 
mass ;  Melandryum. 

8.  SLarch-forminK*corpiiscle«    at    first   spherical,    tul 
quently  elongated. 
a.  They  are  formed  only  in  (he  protoplasm  wt 
iofeats  the  nucleus : 

O^  They  form  starch  only  in  iheir  ppripbe 
Catma  gigmtUa. 

>  tUs  abiemliiM  «a*  tnwhi  on  Cms  i/Mtinr,  alikl  ui  oiliiir  i 
tmmiit  tiie  tpccict  isfcmd  la  aboTG. 
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Other  starch-gTKiD*  irbich  I  have  studied   cannot  be 

arrunged  under  ooe  or  other  of  these  types,  inasmuch  as  I 

I  bave  not  T)0«n  able  lo  mitkc  out  all  thv  dctiiils  of  their  dcvclop- 

tn«nt.    In  many  cases  lh«  developmeitt  of  llic  ittarch-forniiiig- 

>  corpuscles    was  not  ohservixl,  ihoujfh    tt  could   ha  inferred 

I  from    their   position   in    the   cell.     In   other  cases  it    was 

iropombie  to  see  ibc  first  appearance  of  the  starch-grains. 

The  following  conform  to  the  tjrpo  of  Amomimt  Carda* 
.montuiu,  nameljr,  other  Scilamlncs  such  as  Thaita  teUwi,^ 
\£ltttaria  Cardamomum,  Coalut  Malorlieantu ;  the  Potato,  i 
,  far  as  observations  made  on  the  cortical  part  of  young 
potatoes  go  (the  more  central  portions  were  loo  opaque  in 
conNcqucnce  of  the  presence  of  the  starch  grains);  the 
rhizome  of  Irit  Jhrtnltna,  in  which  the  starch  •fonntng-cor- 
puscles  have  a  (icculiar  granular  appearance ;  the  pareucnyma 
of  the  pith  oi  Philodettdrtn  gratiaifoUHm.  In  the  following 
coses  the  same  relation  between  starch-grain  and  starch- 
form  in;:;- corpuscles  was  observed,  although  I  rras  unable  to 
asccrtfliu  the  mode  of  development  of  the  latter;  in  the 
bulbils  of  Ficaria  ranuncvhides ,-  in  the  cortical  parenchyma 
of  the  rhizome  of  various  species  of  Pcpcromia ;  in  the 
cortical  parenchyma  of  the  scales  of  a  Tydwa ;  in  the  tubers 
of  Diotcorea  alata  ;  in  (lift  root  of  Oannera  acaira. 

Shne  infiala  and  LycAnu  dt'oica  belong  to  the  Melandryum 

The  observations  made  on  Phajui  probably  hold  good 
with  reference  to  the  other  allied  Orchtdsceous  plant»~ 
Acanthvphippium,'  for  instance. 

The  other  species  of  ('anna  resemble  Caana  gtganUa,  and 
L'perhaiM   C^rr^inM  zedoaria  does  also;  the  minuteness  and 
iindistinctoett  of  the  corpuscles  in  this  plant  made  it  im- 
possible to  observe  them  accurately  ;  in  their  first  formation 
■nd  in  their  mode  of  development  they  resemble  those  of' 
lAmomun,  and  at  a  later  period  they  apgtear  to  become 
elongated  like  tho««  of  Canna. 

S.  When  we  compare  the  starch-forming-corpuscles  with 
other  bodies  contained  in  cells  their  resemblance  to  chloro- 
\  pbyll-corpuscleB  at  once  suggests  itself.  In  their  composition 
they  appxar  to  be  cMentinlly  the  tnme  as  the  leuoophylUj 
corpuscles'  which  arv  found  in  the  more  internal  cells 
etiolated  stcmn,  and  which  are  quite  colourless  and  very  un- 
stable. Further,  there  is  a  singular  similarity  in  the  mode 
of  development ;  the   mode   of  formation    oi    the   starch* 

>  Gri^  loc  dt.,  p.  196. 

'  I  prvfer  this  term  (wlucli  «M  iii|[ge*tnl  by  &actB)tOtbe  lens  "ttioUa* 
eorpucfai,"  for  tltne  corpuxto  sppatr  (nijaeetly  to  oootun  no  etwlia. 
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forming-corputcles  in  the  endocpenn  of  Mclandiyuin 
in  all  impOTUnt  points  with  the  mode  of  dcTclopment  oft 
chlorophyllToniuHrlv*  of  many  leaT«s,aiid  tlieti  derelopment 
in  the  cpidcrmiit  of  Philodendron  has  its  perfect  analogue  in 
the  formation  of  chlorophyll-corposcles  in  many  sieau 
{eg.  of  Cereua  ipeciotUtimm') ,  and  in  the  kaf  of  VamBm 
plani/olia.'  Again,  the  surch-formio^corpoicles,  like  the 
chloTophvU-corputdes,  prodace  alarch-^mins,  although  the 
ori)^u  of  the  grains  is  diffcicnt  iu  the  two  cases,  inasmuch 
as  in  the  latter  they  are  the  products  of  assimilation,  wheieas 
in  the  former  they  are  funned  from  organic  substance*  whicli 
bad  been  assimilated  elsewhere. 

A  distinct  analogy  appears  iu  the  lelatioD  in  space  of  the 
slatch-grains  to  tfae  point  of  tlieir  formation  ;  the  same  two 
types  which  we  found  in  the  chlorophyll  *corpuscle«  leeur  in 
the  cUTch-forming-cDipuscles ;  and,  further,  as  has  already 
been  pointed  out,  the  behariout  of  the  siarch-forming-cor- 
puacleSt  after  the  formation  of  the  starch -grains,  is  qoite 
nmilar  to  that  of  the  chlorephy  11 -corpuscles. 

But  these  relations  may  be  extended  much  further.  In 
mo«t  cases  the  starch-forming- corpuscles  may  be  actaaUy 
convened  into  cbloropbyll-corpusclee  under  the  influence  (4 
Ughl. 

This  eonrersion  may  take  place  normally  and  i^ulaily  in 
tha derelopment  of  a  plant-organ ;  this  is  the  ca»e  when  the 
jromtger  parts  of  the  organ  are  protected  from  the  l^t, 
either  by  a  thick  coviring  of  leaves  or  by  the  soil,  nod  ara 
Clpoaed  to  its  iafluence  at  a  later  penod  (leaves  of  Iiit, 
Inbers  of  PAq/W  groHJifoliuM). 

In  o^ans  which  remaiu,  as  a  rule,  permanently  in  the 
dark,  the  conversion  of  starch- fonuing-eorpuscles  into 
eblotophyU-corpuscles  takes  place  as  soon  as  they  ara 
exposed  to  light ;  in  this  way  the  false  cbloropbyll-eiw 
puseles  are  ptoduccd  which  have  been  known,  In  the  potato 
for  instance,  for  so  long. 

Ceruin  parts  of  Bome  o^ans  are  expoved  to  light,  whereas 
other*  arc  more  oi  less  protected  &on  it;  tlu»  is  the  case, 
for  instance,  in  stems,  the  bases  of  which  are  buried  in  the 
soil  (e-jT-  Pepcromia,  Begonia,  &c.),  and  in  thick  opa<]iie 
organs  of  which  i^iily  the  external  ceils  are  aflected  by  tight 
(«.ff,  PhSodendron  gramii/uiiim).  In  such  cases  all  poe- 
•ttJe  iotenoediau  stages  between  starch-fonning-ooipueolee 
and  chlorophyll-oorpuaclfls  ean  be  found. 

This  convenioo  always  takes  place  in  the  same  way  ;  tl 

■  PiaiD  «7  Bvn  nhtemtien. 

■  Ghs,  locL  ciL,  p.  l&g. 
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sUTch-formiD^-corpaMles  increasv  contidctitbl}'  in  sixe,  the 
contaiai-d  ttarcb-^ains  undergo  partial  or  complete  absorp- 
tion, and  At  the  Mine  lime  a  formation  of  pigment  lakoic 
place. 

1   will  content    ni)r8elf  with   briedjr  describing  a  few 
instances. 

The  conversion  in  question  which  accompanies  the 
normal  development  of  an  organ  appear*  to  be  of  rery 
general  occurrence.  The  young  leaves  of  frit  ^orvnlina 
contain  no  chlorophyll,  but  the  parencbymatouii  cells  which 
abut  upon  (he  tibruvaacutar  bundle*  contain  starcb<graint 
which  ^rv  attached  to  larg«  starch -form  iug-corpuscles  -,  these 
portions  of  the  leaven  sabsequentty  become  gre«n  in  conse- 
quence of  the  conversion  of  the  atarch-foraiiug-corpu«clc» 
into  chlorophyll-corpuscles. 

The  behaviour  of  the  starch-forming  corpuscles  in  the 
tubers  of  Phty'ui  grandifoliitt  (figs-  42,  48)  is  very  remark- 
able. Tlic  tuber  is  nt  tirst  surrounded  by  a  dcnsu  iavest- 
mcnt  of  leaves,  but,  in  consequence  of  its  growth,  it  gradu- 
ally emerges  am)  th«  leaves  die  off.  The  tuber  i»  »t  first 
quite  while,  but  it  soon  (urns  bright  green  after  exposure  to 
light.  Close  observation  shows  that  the  starcb-fonning- 
corposcles  tncreaee  coneiderably  in  size,  that  the  contained 
starch-grains  are  partially  absorbed,  and  that  they  dcvelope 
into  nMl-shaped  on lorophyll' corpuscles  ;  bodies  of  this  kind 
can  be  found  especially  well-dcvelu|>ed  in  the  bundle- 
ahraths  of  the  upper  parts  of  the  tuber.  Even  when  the 
a  tarcli.  forming -corpuscle  has  been  reduced  to  a  small 
gelatinous  residue,  it  becomes  green  in  the  manner  de- 
scribed. In  the  external  cells  of  the  cortex  only  a  partial 
eonrenion  of  the  flUrch-forming-oorpu^cles  takes  place,  and 
it  is  confined  to  that  part  of  the  corpuscle  to  which  the 
starch-grain  (tvhich  h  in  this  case  always  very  small)  is 
attached;  it  becomes  a  somewhat  elongated  cblorophvU- 
corpuscle,  tlie  starch-grain  undergoing  partial  or  compfeto 
absorption,  which  remains  attached  to  tlic  portion  nbich  has 
remained  unaltered.  In  this  way  very  curious  ttmlies  are 
formed,  which  Qiis  >  baa  already  observed  in  Hhajua  and 
Acnntliepiiippium. 

lu  subterranean  organs  which  are  exposed  to  light  the 
effect  is  the  same.  The  outer  cortical  cell?  of  the  potato  are 
especially    instructive.      The   cells  which   lie   immediately 
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■  3.    I  luve  nrvvr  urcn  nUc  (u  observe  the  sphcricti 
<s,  iaumnjiiicdcelli;  Utlliey  ■l*tajsa|ip«arnBdcr 


ace  vaty^  aamil  A»f  uvJUTga  ceapbto  ai 
k3]  BOfc  KDtcnwlparU  of  Ihc  tuber,  vfacratkc! 
«rc  loy  luge,  iLe  »mA-tanmafwp)imiu  are 

deUeale  Ul-defiiied  eUenphyU-empoHlek 

TbHB  &cto  CKii  be  mj  Teuiily  aide  ■st  ia  tki  < 
of  Cboiu  (Co.  AO — Mj ;  bn-r,  in  oomlttiaa  with  dw  fara 
<tf  the  wtmM-tunmtig-cotfnade*,  tb«  chknfhyD^Bp^RJH 
•K  McUe-  «  »t»u>dki  ihipri  (^hwieal  is  the  vaur  erikj 
and  eoataio  cr^ktalloidi. 

The  tnwtrigatiwi  of  the  UOemiitggne  Ac  Mae  iwultt, 
the  rh'uwi  or  frit  Jhrmimm,  of  Owte«  Jtfafarrtiaaw,  tha 
■caln  of  B  Ticmama,  the  roots  of  OawMf*  seairm,  and  rf 
Pi^fV  oranJi/oiitu,  wtiicli  rcMmblc  Uu  labos  (fg.  45). 

Nut  ul  ■UTcb-lonniiig.eorptucIe*,  bowerer,  «t«  capalde  ef 
beiax  otmreriMl  into  cfalorophjU>coq»iiclet,  even  whn 
tbeir  whole  danlooaient  goea  on  in  the  fteaeae*  of  ^|ht 
r«pi(tifnnii  of  Philoileiulroii  mni  Phajos,  eodQ^ena  «f 
Caryopbyliec). 

It  u  eiridtiit,  from  wbat  hai  been  tuled  afaorc,  ihat  A«ie 
u  a  coniplete  rp*nntiUDce  belweeo  •tvcli-fonnitig.flarpaa- 
cln  and  IcucoDtiyll-c&rpiuclei,  and  ereo  with  chluropbfll' 
coTpitKlM  in  UieiT  titst  oiagu  of  deretopmetit ;  ibe  qnestum 
naluraUjr  Buggeau  iueU  u  to  wheiber  or  not  Uieta  eat- 
piucln  an  ideatictf.  Tbe  <mlj  obvious  difieronca  bvlwan 
tben  ia  tba  funuer  can  produce  atarrb-grattu  from  aanniUlad 
aubtUncM,  trbvn-u  the  Utter  canool  jmnlucv  any  atareb 
at  all,  ao  far  aa  t>  at  prcavnt  koown. 

A  launi  carelul  iuvos ligation  shows,  bawever,  tbat  ewea 
thia  diflenoce  is  by  uo  tnoana  cunatant;  and  ibu,  on  tfao 
cootrary,  tbeac  corpuscles  cumpletvly  resemble  eaeb  olh0  in 
(bis  TMpoci  also, 

U  li  wvll   known  tbat  tbn  mesopbyll  of  oliolniMl  plnnt 
wli'  i]  (heir  n.-*vrTn  i;i 

ia..>  !•  |trt!Beui  in  qutii 

•  Wiiaacr,  'Mater.  Bat  Zailuht^'  Ut7. 
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stettu  iiiiil  pctiolea,  and  in  tlie  buudle-skvxtlis  of  thoir  leavn. 
Thiti  sUtcb,  wlitch  is  obviously  not  a  product  of  a»«iinilatiuii, 
is  produced  bj  the  leucophyll-cOTpuacles.  l^xaptplta  vf  thia 
can  be  found  In  ibe  Iljacinth  (bundle>fihealhj,  in  the  §iem  of 
Btgonia  cucuUata  (figs.  66,  56j,  mid  uf  Oxalit  Orlgxetii,  in 
ihc  coricx  uf  ilif  sUiiii  «f  Phih<i'!n<lroH  'jramlifolium. 

Xhvec  IvucuphylUcorpuBcks  arv  -iKty  fuintljr  tinged  wiili 
jdlotr,  if  at  all.  Tbey  gave  rise,  to  the  cases  observed,  to 
surch-srainB  in  their  iieriphcry,  just  like  the  chloiophyll- 
coqmsdes  whicli  would  have  bwii  produced  there  under  or- 
diuary  circumsluiices.  In  those  cnnus  in  which  the  starch- 
gnins  hnvc  a  dffiniiv  Atruciuri;,  &%  in  the  stum  o[  Bftfoma 
cucullaia,  they  arc  esccutric,  and  the  more  devt!lo]>ed  »iJo 
is  the  one  which  is  in  contact  with  the  leucophy  11- corpuscle ; 
this  naturally  removes  any  doubt  m  to  the  physioit^ical 
lianiticance  of  the  corpusclw. 

f  be  Question  now  arises  as  to  whether  or  not  the  property 
of  forming  starch  out  of  iiHsimilatcd  niftlcriaU  is  peculiar  to 
the  leucophyll-carpuscle^  and  lo  the  starch-forming-cor- 
puficles,  and  is  not  pocsessed  by  the  chlorophyll-cOTpusclex; 
and,  further,  whether  this  property  is  lost  when  thvse  cor- 
puscles become  converted  into  chloiophyll-corpuscles. 

In  order  to  obtain  an  answer  to  this  question  a  root-stock 
of  T^-adgtcantia  rulella  was  kept  in  ihc  dark  until  the  large 
starch-grains  which  were  present  in  the  tuesophyll  had 
entirely  disappuarcd ;'  it  was  then  exposed  for  some  time  to 
lichi,  which  wan  sutGciently  inteux:  to  effect  the  fonnution 
of  normal  chlorophylUcorpuacles,  but  not  sufficiently  intense 
to  cauw  any  formation  of  starch  in  consequence  of  auiimila- 
lioa.'  The  investigation  of  the  axillary  branches  which 
were  produced  from  it  under  these  conditions  (iho  apices  of 
the  branches  were  carefully  rcmovi-d  before  the  commence- 
ment ol  :he  experiment)  !<how<Nl  thiit  there  was  no  sUrch  in 
tlie  incvophyil,  but  that  it  wa^  present  in  considiTatile 
quaiiiity  in  the  chloiophyll-corpuscles  of  the  bundle-sheatlis 
of  the  leaves  and  of  the  parenchyma  of  the  stem. 

l*hese  observations  are  not,  as  might  appear  at  fint  sight, 
by  any  means  adverse  lo  Siich's  theory,  thut  the  starch-gnuna 
found  in  chlorophyll-curpusdes  are  products  of  as»imihition. 
On  the  conUary,  iliey  confirm  ibis  theory  in  certain  points. 
Tbo  fact  lliat  the  fonnation  of  starch  in  the  mesophyll  d«' 
pcnda  upon  the  same  conditions  as  assimilation,  whereas  it 

*  Sach'*  laetbod  ('  bp.  Pb^s.,'  p.  1133)  tor  tbe  detcetiDD  of  very  tmall 
qmutnio  q[  stjuclt  «u  maik  iu«  of. 

*  Itisl  no  auinilatkni  look  i>tue  wta  iJiawa  by  Ibe  (act  Uist  tbe  oblo> 
npkfU-oaqnade*  of  the  aMMpt^ll  pto(tuc«d  no  •tarch. 
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u  indepondcnt  of  light  in  other  parts  of  [ilaiiM  so  lon^  w 
there  arc  iMtrrc  inatemls  lo  draw  upon,  cait  onlj  b«  ez- 
plainrd  by  the  wsumption  ibat  starch  raa  be  formed  in  the 
chlorophyll-corpuscles  of  the  meeophyll  only  bj  assiiniUtioa, 
and  that  in  the  other  cases  It  has  a  diffcreot  ongin.  The 
chlorophylUcorpuEcle*  of  the  parenchyma  of  tho  item  and 
of  the  bundlc-ehruth)  of  the  leaves  can  form  utaich,  both  by 
uaimilititon  iiiid  by  the  conversion  of  asstmilnted  substances 
conveyed  to  them  from  other  parts.  In  other  ivordt,  ihoo 
chlorophyll-corpuscles  combine  the  functions  which  are 
pecaliar  to  chlorophyll -corpuscles  with  those  which  are  pet-j 
formed  by  starch-forming-corpusclcs.  This  aaeumption  is 
further  justified  by  the  fact  tliat  (he  nesophyll  is  the  prin- 
cipal sent  of  the  assimilacory  function,  tihilst  the  band)»> 
•heath*  of  leaves  and  the  parenchyma  of  pvtiole*  and  of 
ttems  are  conducting  tissues  for  starch  ;  the  parunchyma  of 
atems  is  also  to  some  extent  a  reservoir  in  ivbich  it  is 
deposited.! 

It  is  evident  that  the  starch,  which  makes  its  appearaooe^ 
at  the  first  visible  product  of  assimilation,  is  not  directly 
formed  from  catbon  and  water,  but  that  n  number  oE  inter- , 
mediate  prodacti>  mu»t  W  formed.' 

We  may  assume  that  the  substances  which  are  conveyed 
to  the  chloTuphyll-corpuacles  in  question  are  nearly  allied  to. 
or  even  identical  with,  these  intermediate  products;  hcnn> 
the  conversion  into  starch  of  the  substances  which  have  Ixren 
formed  in  the  chloropbyll-oorpuscte  itself,  and  of  those  which  | 
bare  been  conveyed  to  it  from  other  parts  is  really  one  and  ] 
the  same  process. 

The  results  of  this  investigation  tend  to  »how  that  there 
is  no  such  great  difference  between  assimilating  and  non- 
assimilating  c«lU,  as  was  thought  to  exist.  In  a  cell  which 
contutuN  no  chlorophyll  there  are  certain  organs  which  pro- 
duce starch,  and  tnese  organs  are  nothing  more  than  im- 
perfectly developed  chlorophyll- corpuscles,  which  may 
deYtlope  into  perfect  chloroptiyll-cprpusclcs  under  the  in- 
fiuence  of  lt(;ht.  On  ihi.-  othrr  hand,  chlurophyll-coiposdes 
are  not  always  merely  assiinilatory  urgaurt  ;  titey  perform  in 
the  conducting  tissues  and  in  the  reservoirs  of  material  the 
same  functiout  as  the  slarch-forming-corpusdet  in  eclb 
which  do  not  asdnilate ;  that  is,  they  produce  starch  from 
UBimilated  substuncvs  which  are   conveyed  to  them   from 


olbar  part»  of  the  plant. 

>  Saoti*. 
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iwias-    ' 


,  Akktonii  in  Berib,*  I!i79). 


CA(7H  OP  SrStATlOX  07  VOLCXTARV  inTBCCtAR  TIBSCS.   S07 


Upon  tie  CAit»B  ^  (hi  Stkutiok  ^  Volcstabi  MrscrLAR 
Tissue.  B^  Jons  Bewiv  HAYCRArr,  M.B.,  B.Sc.,  F.E.S.K., 
Senior  Pb;rsiologieal  DeinonstntDr  in  the  Univcrsit}-  of 
Kdtnburgh.  [CommuDioated  to  the  Boyul  Society,  of  London, 
December  l»t,  18S0.] 

Tub  stnictorc  of  strbted  musculnr  lisitac  has  occupied  the 
attention  of  manjr  htntologisl;,  and  vorioui,  often  antagonistic, 
baTc  bicD  the  views  held  fron)  time  to  time  since  Schwann  first 
ioTcstigated  thia  difficult  subject. 

1  bring  forvard  with  much  caution  and  hesitation  any 
opinioiiB  of  my  own,  nor  chould  I  venture  thus  far,  did  I 
notc^maider  my  nevs  tutccptible  of  direct  proof,  or  disproof, 
not  being  matters  of  ntcrc  spccnlation,  which  ma;  or  ma;  not 
be  true,  and  which  would  tend,  \ty  their  introduction  to  llie 
literature  of  the  subji;d,  to  make  confusion  worte  confounded. 

In  this  paper  an  attempt  will  be  made  to  account  for  many  of 
the  observed  stniotural  phenomena  of  muscle  on  simplu  Laws  of 
gcometrieal  opttes,  which  will,  if  it  be  3iicc«s«fut,  reduce  th« 
tubjecl  to  comparative  simplicity.  I  shall  commence  by  giving 
a  alcelch  of  the  view*  of  tliose  physiologists  who  hare  espeeiallj 
written  upon  tbc  stracture  of  muscle.  This  must  not  be  lookei 
upon  as  a  complete  hiitory,  for  1  shall  leave  out  entirely  poiol 
which  do  not  concern  u«  here. 

A  akort  iittoriaU  tieteA  ^  lie  cicvt  htid  upon  He  ilrueture 
of  ttriattJ miucte. — ^The  writings  of  Mr.  Bi)wtn:in  form  Uic  inos 
important  anil  brilliant  contnoutions  to  the  literature  of  thilj 
(abject,  and  t^ing  bim  as  a  landmark,  it  is  oonvenieot  to  Sf 
of  investigators  before  or  after  his  time  Among  the  forme 
I- Schwann,  quoted^  by  Miillcr  ('rhyiiology/  translation  hjl 
Baly,  vol.  ii,  p.  S7*i),  describes  Ihe  »triat«d  voluntary  fibre,  in- 
dicating its  anaw:  and  tite.  Tlic  cross  markings  were  observed 
br  him,  and,  indc^,  with  one  or  two  remarkable  eiceplioiiH,  by 
all  the  early  obscrvera  (Lauth  and  W^ner,  in  Miiller's  '  Archiv 
fiir  Analouiie  uud  Physiologic,  und  Wisseuscbafllicbo  Medicin,'J 
pp.  i  and  SIS  of  the  year  t^S&).  Schwann,  with  Sauerji 
'  Juause,  Midler,  Uomc,  Valentin,  and  Atiinc  Edwards  recognisr 
the  important  fact  that  eaob  fibre  is  composed  of  a  numoer  ' 
threada  or  Gbrillte,  packed  side  by  side  and  joined  together  by 
[trmnspaient  tenacious  fiuiil  (Kraiwe),  and,  moreover,  Uiat  thee 
threaOB  or  GbnllK  are  croM  striated,  as  is  the  fibre  itself, 
AlUioogh  Schultzc  dcKribes  the  flbrilte  as  being  uniform  fila> 
^  be  ii  alone  iu  this  opinion,  moat  of  his  contemporaries 
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reeogaiiing  tbe  beaded  appnnuKc'  the  bndod  tlnaid  w  tbi 
CUM  of  MHie  dispute,  for  tlie  qsettisB  anwe,  Wm  H  a  lam 
Mfies  of  gfa>lmlc9  or  a  nooilifom  fttuMiit  ?  aod  tt»  Sail  fcUlb- 
inmt  of  (hU  most,  indeed,  have  been  «  naltrr  of  great  dtflcnitf 
to  those  older  ihoimU,  wfaen  <r«  eoBsider  tbe  tiBperfrct  lesxa  tl 
their  dupooal.  Kiaase  and  others  maisfaiiMd  the  rormer  viev, 
while  Scbvion  held  that  which  robw^aent  inTot^atoa  hm 
abowD  to  be  the  correct  one.  Tbe  fibrilbe,  aeeortfof  lo  Sdtwim, 
DRMst  a  TOT  rtgolar  aiK«e«aioii  of  bead-like  cnUinai^i^ 
datker  than  ue  ray  ibort  eonathctions  which  lie  octwcia. 
Tbna,  before  the  time  of  Bowman,  tbe  following  tnportant  beta 
bad  been  made  oat,  namelr,  that  tbe  Sbre  i»  conpoaed  of  a 
bondlc  of  beaded  fibrillx  cemented  together,  and  that  the  fihnOB 
are  eroa  ■tiiped,  grrii^  tbe  whole  fibre  a  like  appearaaee  of 
■triitioi.  Emneooa  rievi  bad  often,  it  t*  true,  been  adraaee^ 
but  Ukm  had  Dercr  teoeived  genetal  ackaowledgBest.  Ur. 
Sker  ('Phil.  Trans/ of  1SS7},  for  instance,  conaidefed  tbe  Sbco 
to  1x  tubes  Slled  with  a  lolnble  gbtcn,  the  etrrB  nmuidiig 
and  iHodiBg  theat  tof^ber.  Lcctiwetiboek  bad  a  eanewhiit 
ataflar  view  of  tbe  coDslnKtiQQ  of  the  cross  etric,  tad  Proe^ 
■d»  conndeied  them  as  depressiona  csostd  b/  tbe  daiplng  ef 
aaWibofiriiig  cajMllaiies  and  tbnad;  tiancs. 

Mr.  Bowman  oonunnnieated  to  the  Bojal  SoeietT,  b  1^40,  a 
paper  "  On  the  Stroetoie  and  Mofementa  of  Yolnnlart  Msaek," 
■n  which  be  confirmed  nunj  of  tfae  opioioDs  of  his  ptedeoes- 
cors,  adding,  at  tbe  Banc  tisM,  macb  of  what  ww  fresn  lo  oar 
ttorc  of  knowlrdge.  tie  it  was  who  Srst  described  the  tbin 
daatic  membrane  (■atcolemma)  coTering  and  raffaealfatng  the 
fibicf ,  tbowTnii  bow  tmiy  to  demonslTalr  it«  cxittenee,  and  nnng 
fignref  of  it,  which  hare  been  copied  into  most  moden  BWhk 
k^eal  work*.  Tbe  niiclei  of  the  tareolemma  be  also  flgaied, 
bat  what  most  concerns  as  is  hit  description  of  the  cross  stria- 
lion.  Mr.  Oowmu,  I  bdiere,  firtt  pointed  oot  that  not  odj  can  a 
fibre  be  spb't  np  longitodinallj  into  fibrilla;  aloag  certain  daxk 
lines  which  ma;  genoaUj  be  teen,  eren  in  (rcah  prepantion, 
bat  that  it  spliU  np  Inutsf  eraelf  along  Ibe  dark  atzipea.  tuA 
fibnltn  may,  tberefare,  lie  «plil  up  into  tiny  aegmeata  aerosi  the 
dark  itns.  "  On  the  whole,  little  donbt  remains  in  m;  mind 
that  the  GbrillE  connit  of  a  aocccasiiH]  of  solid  st^uent«  or 
bead*  eonDC«ted  bj  tnlcrrii'-  ^-""nHj  narrower,  and  I  beliere 
the  b«ads  to  be  light,  and  t  ila  tbr  dark  ^«cn  when  tbe 

fibnlla  ia  in  exact  foeoa."  im  i^ica  of  a  fibre  natandlj  toDowt 
from  that  just  givQi  of  a  flbrilla,  and,  qunttng  agiia  6^  htm, 

*  Otoaall  a  dnwiai  bt  AUn  TVoaaoe  ia  iSntntMn  of  Dr.  Uvub 
BtnT^MvoBite^BlnitaBrf  Uasakt  rifedk."  •  PUI. !!«.' 


C\tr)B  OF  BTRUTIOK  Or  VOLOMTABY  MDgCUtulH  TISBCB.    809 


we  find  "  a  fibre  consists  of  »arcou3  dements  (ao  he  termed  Uut 
little  segmenta  or  beads)  arranged  and  omted  together  enilwsjs 
and  sidewajrs,  so  as  to  constitute  in  these  directions  respeclirelj 
fibrillie  aod  diKs,  either  of  which  may  in  certain  cases  \ye 
detached  as  fuch,"  and  "  iIk  duri:  Uiiij^itudinul  jtria;  are  sbadaws 
between  GbrilUe,  the  dark  trunsvene  striw  shadows  between 
disca." 

It  will  be  seen  that  in  one  particular  Bowman  disagreed  viUt 
Schwann  and  the  older  writers,  and  at  the  same  time  with  those 
of  more  recent  date.  According  to  him,  the  bead  was  light  and 
the  constriction  dark,  when  (he  miucle  was  in  exact  focus,  a 
description  at  variance  with  cvcrvone.  In  tlie  same  juper  he 
mcniiuns  ihii*  remarkable  fact,  Hut  on  altering  the  focua  the 
stripes  wcrr  rei-ersed  ;  he  must  have  examined  it — this  bears  in 
a  mo«t  important  wajr  on  our  investigations,  to  be  afterwards 
deaoribed — in  the  reverse  focus  of  what  it  is  ordinarilv  fignred 
in,  ilia  view  of  the  form,  and  the  splitting  of  the  fibre,  was 
ptobabl;  correct,  for  he  described  the  clcarnge  as  occurring  in 
the  narrow  part,  which  appeared  to  hiro,  fociusing  as  ha  did,  to 
bu  dark,  and  indeed  it  is  oflen  diiScult  to  !>a]r  wlilcii  it  is, 
whether  dark  or  light,  for,  as  we  shall  more  pari iculnriy  mention 
afterward;,  the  slightest  aiteration  of  the  focus  is  suflicieut  to 
reverse  the  apjwarance  of  the  fibre.  Bowman,  moreover,  ac- 
ooanted  for  these  light  and  dark  parts  of  the  librillie,  comparing 
a  muscular  filament  to  a  glass  rod  with  alternate  swellings  and 
depressions,  which,  when  riewed  with  transmitted  light,  gives 
just  the  same  appearance,  and  from  a  study  of  his  paper,  although 
it  is  here  tootcwhat  ladefiuite,  I  jadge  that  he  concluded  tht- 
moniUfonn  shape  to  be  a  cau»e  of  the  atnpiiig.' 

Kow,  this  laat-named  and  important  discovery  of  Bowman's 
has,  I  believe,  completely  beeo  lost  sight  of,  for  no  mention  of 
it  can  be  found  in  anj  modem  monograph  nor  in  any  systematic 
text-book  that  I  bsrc  examined.  The  striking  [minis  in  the 
paper  and  to  the  figures  he  gire^,  is  the  splitting  up  of  the  fibre 
into  traasvereo  discs  and  the  demonstration  of  the  sarcous 
elements  as  before  quoted.  This,  ttwether  with  the  snrcolemma, 
ereiy  one  eonnccU>  witit  the  name  of  Uowman.  Modern  inves- 
tigators have  worked  mostly  at  the  cross  striping  of  muscle, 
and  have  found  it  more  complicated  than  Bowman  described, 
owing,  no  doubt,  to  the  use  of  better  glastes ;  while  he  ex- 
plaiocd  the  phenomenon  as  due  simply  to  the  shape  of  the 
fibres — bdienng,  however,  probably  that  it  was  due  also  to 

'  BowoisB,  BitttttMeu,  Mcms  to  eonsider  tie  dark  stripe  or  a  diStrent 
drvritirefrom  the  [i|ilit,  not  so  mncli  rrom  Ibe  shodiiif;,  but  from  the 
tiui»<'tTte  clcntng*.  Ut  U  not  quite  dcDnile  bere,  but  thU  is  tlic  injircf. 
liea  1  ban  gauiM  from  a  careful  ptmti.  ot  hit  ptftr. 
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Structural   differoioee — modero  m>-c»tt^ton    have  introduced 
hj|)oth»es  to  account  for  it,  which  entirely  implj'  differences  of 
■Imcture  along  the  filament.     'Hie  ivason  of  tcu  i»,  if  I  mav. 
expresa  an  opinion,  that  hi»  tlieorjr  has  bee&  complete];  losfl 
sight  of,  and  tbnt  it   wa*  followed  oy  tlie  discovery  of  Btairtltn|E 
htibt,  which  at  flnt  lioht  Beemed  to  set  it  on  one  side. 

In  ditcuwns  the  news  of  modem  inquirers,  1  sbaU  not,  in 
all  caae*,  coDsiaer  them  tn  the  order  of  their  priority,  and  illuMoaj 
will  not  l>e  made  to   much  that  has  been  written   upon  tliil 
subject,  which,  indeed,  may  safely  he  put  on  o^c  tide. 

The  %ht  stripe — darl  slri|ic  of  Bowman — has  beeo  afaowa  bv 
]>obic,  Busk,  and  Huxley,  to  He  traversed  by  a  rcry  fine  dark 
band,  or  rstbet  line  "  Qaerlinie  "  dividing  it  into  two  eqoa]  jparta. 
^Ve  ithall  rpeaik  of  this  as  Dobie'a  line,  or  the  dark  stripe  tn  the 
centre  of  the  light.  (Vig.  1,  d,  woodcut.)  Then,  agniii,  Iha_ 
dark  stripe  is  traversed  in  ita  centre  by  a  lighter  band 
llcnscn's  stripe,'  (Fig.  1,  h,  woodcut.)  Oilier  bands 
this  stripe,  but  as  they  arc  certainly  not  to  be  seen  in  all 
inoitf,  however  well  prepnrrd,  and  as  we  shall  presently  ac 
for  them,  they  ttced  not  trouble  us  here. 

As  early  as  the  year  1839,  Boeck  showed  that  muscle  rdncto 
light  doubly,  whidi  statement  was,  however,  modified  in  1357 
by  Briicke.  The  latter  examined  muscles  prepared  in  alcohol 
by  polarised  light,  and  found  that  the  dark  stripe  (dart  in 
ordinarily  non-polarised  light)  appeared  luminous  in  the  dark 
Geld  of  the  mtcrosoope,  and  that  the  light  stripes  vrere  dark 
when  the  Xtcols  were  crossed.  The  Ark  stnpes,  UKreforr, 
appeared  to  be  donbl^  refracting  (anisotropoos),  and  the  light 
atnpe  singly  telncting  (isotropons),  the  fibre  consisting  of 
singly  and  doubly  rofra^ing  discs  alternating  one  with  anoUier. 
These  observattons  he  vcnficd  by  an  examination  of  the  fibre 
with  thin  plates  of  selenite  and  mica.  The  views  of  Brtkke 
have,  in  their  lum,  received  considerable  modifications  wlndt 
will  be  understood  by  reference  to  a  diagram.  Fig.  8  i\  i  [in  wwiii 
Tcjy  well  the  resolta  of  my  own  obMcntwtu,  which  arc  in  accofd- 
ance,l  find,  with  those  of  other  oboerren.  (See  the  'llandbBdi 
der  Physiologic,'  by  Dr.  L.  Hermann,  lS7fl,  p.  20.J  The  hUck 
pgui  of  the  diagram  corresponds  with  the  portion  of  the  muscle 
which  aisgly  refracts  light  (tsotropousj,  whOe  the  light  shaded 
pvla  eoiie^oud  with  the  aolsotropoua  snbstanoe. 

Tliia  diagrsm  does  not,  it  will  at  oooe  be  seen,  correspond 
with  the  views  held  by  Bnickc,  for  the  great  mass  of  the  Ugbt 
•tripe,  with  Uobie's  Uae  in  the  centre  of  it  is  aiiisotropous,  th« 

'  ThisKri^  was  Oao  deserihed  b*  Oolaemlk)  -AiRials  of  Natinal 
IHitorj  for  ] 5*9.'  aad  it  may  b«  aCod  Dobic's  li^tit  sizijw. 
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1  dark   bnud,  a«  with  Bhicke,  being  anisotmpous.    ITic  most 
ftceiit  view  is,  tlicn,  that  botli  the  light  and  the  dark  etripts 
doubly  refract  liglit,  hut  that  there  are  iwinds  nhich  lie  l>etwfca 
Ihpjn  and    which  are  «iiigiy  refracting.     Willi  the  appearance 
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Vm.  1.— Tbi*  repreMDts  diignnMlicdllT  ft  fibro  neired  witli  n  rcrj  liigli 
power.    The  Innlen  kie  wrtj,  auA  the  ccMs  slHpM  cormpood  witli 
iImm  {(RSuluUiM.    (d)  bium  the  position  of  Imtie'a  tines  pluxA  iu 
Un  DBDtrta  of  Ihe  ittpret&ioBt  smd  m  ihc  border,    (ti)  rc;>mcats 
HBiiaen'i  ttripts  or  Doctc'*  liRlit  ilripc*  pSaccd  oa  the  tummiu  or  ihc 
tidgta  in  th*  ecntrts  of  the  diui  bond*. 

Pto.  9.— IVit  (howi  lh«  ftppeuaoK  of  the  fibre  with  croHed  ninoli.    The 
«h*iled  p«rts«re  teen  ob  the  slopes  between  ibe  ridgci  an^  ilepratioiu. 
The;  otc  cxpltiaed  rail;  ia  ths  test. 

Fig.  3.— a  Glire  a  reptCMnted  m  awii  with  throe  positioiu  of  the  leu. 
[n  u)  Ihe  lent  n  elenled,  utA  Ihc  deprcuiinu  aptieiir  dtirlc.    In  (c) 
Ibclona  is  fully  defireMiid,  whdt  ilie  nripee  are  mencd,  the  depr«a- 
dOM  b*nig  BOW  l%lit  wiih  Dobic'a  liae  in  the  centre,  and  the  create 
iluk  with  Ihibw'a  light  ilrip^  iu  Ihc  niiJal.     In  (s)  the  tntennediate 
■lafeiaaeen. 

which  would  jwrtially  warrant  such  a  conclusion,  I  can  entirely 
agree,  but  I  shall  endeavoar  to  fhow  hereafter  how  this   may 
moit  satisfactorily  be  cxplninfid.     It  will  readily  be  seen  bow 
Briicke's  view,  nnlil  ((iiitc  nKcntly  accepted,  would  drive  one 
to  the  conclusion  ttiat  tlie  liglit  and  dark  »tripe»  re]>reiicnt  two 
diffprcot   struclniM  olleraaling  in  th^  length  of  the  fibre,  nud 
thi)  is  corrohoraled  by  itatenienta  tu  to  liie  action  of  staining 
[   agent*  on  tbe  titsues. 

Picric  odd  staina  mnsdc  very  readily,  but  it  ia  but  faintly 
tinted  by  caroini:,  loawood,  or  eooine,  allbongh  Kauvier,  in  his 
'  TraiiC  Tecbniqaii  cl'Iiistoh^,'    states  that  he  ba$  obtained 
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very  beBatifuIlj  klaincd  {"^puaUoiu  or  insects'  muMle,  wboi 
utins  Bcehowr's  wlulioB  of  logwood.  According  to  thi*  observer, 
the  dark  slHpea  as  well  ts  Dobie's  lines  are  stained,  while  the 
Teat  of  the  ttbrc  remains  colourless.  Klein,  in  his  '  Atlas  of 
Ilislologj-,*  figures  the  saroous  mailer  of  (he  djirk  band  clearly 
tinted,  while  that  of  tlie  light  stripe  is  obmlntc];  colotutess. 
The  statement  will  not  be  for  wrong,  that  e^'crv  one  nt  the  pre 
sent  time  considers  the  dark  and  light  stripeii  as  icim^entiu] 
two  different  structures,  difliiict  one  front  another  in  their  ph5 
aical  proi>crties,  for  the  dark  stripe  is  spoken  of  as  possessing 
higher  refracting  power  than  the  light,  and  chemically,  fur  tbej! 
compositions  hsvcr  aln«dy  been  hinted  at  by  more  than  one  ob- 
sciver.  The  dark  »tri|>c^  an-  looked  upon  by  nHwt  as  tlie  tnw 
contracting  jutrt  of  the  fibre,  and  lliey  are  tenned  tiw  nroons 
discs,  or  "Muskelprismen,"  "  Hauptsubstanx,"  or  masses  of  dt^ 
diaclaau,  and  the  tight  stripes  as  merely  connecting  matter  (Zvi** 
obensub9tsnz),or  "  M^askeikiistcbcoflussigkeit."  Dobie's  tine — 
raore  especially  from  the  dipping  down  and  attachment  of  the 
soreolemma  in  insccls'  muscle  at  thi*  point — has  been  looked 
upon  (Kranse,  *  iVllgrmcinc  and  Microscopischc  Analomie.'  sec- 
tion "Mu»kel^yst«m,"pp.  SO — 90}  as  « delicate InutsveneiDeni. 
brane.  This  view  has  received  the  asaent  of  such  microMop 
as  Klein  and  Banvier,  but  not  of  Wagener  (*  Jahiesberichte  i: 
Anatomic  and  Physiologic,'  Ilofmann  and  S^walbe) 
Rutherford  ClVxt-book  of  Physiology/  p.  148),  who  dcMri 
Dobie's  line  as  cousistiiig  of  a  row  of  dots.  Engelmann,  indeed, 
deacribea  a  row  of  dots  on  either  side  of  this  line. 

Kranae  would  have  us  belieTe  thai  the  fibre  is  divided  by  titCM 
membranes  into  a  linear  aeries  of  little  boxes,  each  box  or  casket 
"Muskelkiistchcn" containing  a  dark  stripe wi(h(as  the  membrane 
lies  in  the  centre  of  the  light  stripe)  one  half  of  thnt  on  eii ' 
aide.    Hetkel  ('Lehrbuch  dcr  Gewcbelelirc,'  Stuttgart,  1877, 
p.  8S),  to  make  the  MiiskclkastchenseU'Conlaining,  aHinns  tha 
the  membrane  of  Krause  is  double.     \»  to  the  stripe  of  HetiKcn, 
this  is  bjr  very  many  looked  upon  as  still  another stmcture  lyii^ 
in  the  centre  of  the  dark  stripe ;  it  is  in  many  fibres  very  cleari; 
to  be  made  out,  its  border  being  well  defined,  and  in  Rtai: 
prepsratioos  (l^'o^d)  it  has  decidedly  a  lighter  lint  than  t 
rest  of  the  stripe.     Ijtill,  some  (Knuse)  look  upon  it  as  an 
dication  of  the  highly  refracting  power  of  the  dark  stripe,  com 
paring  (he  apjiearance  with  the  light  centre  of  an  oil  ulnbu' 
The  other  cross  stria:,  of  which  there  are  many  described  b' 
some  observers,  bat  none  at  all  univemliy  ncci-pted,  an>,  as 
rule,  considered  as  indtcstlng  further  compHcatJon*  in  the  muscl' 
fibrei  indeed,  the  M uskttlliiistchcii,  by   mmi  advanced  micru 
KOpiats,  nltboagh  not  -rrhrt  ot  an  inch  in  length,  ootuista 
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«>inc  t«B  or  twelve  different  parts.  We  may  po*tpoii<?,  I  (hink, 
iiidefiiiitelj  tbe  contidcratiun  of  thc3«  details. 

While  there  U  grtat  unit}-  m  to  tlic  appearance  of  a  fibre 
during  a  vtatc  of  nM,  ih'-  chttnges  which  tnc  fibre  under^oeK 
when  paBsing  into  the  contracted  coDiiilion  arc  not  at  all  undtr- 
stood.  Not  only  does  one  fail  to  find  among  hi»tulogixt)iagrce< 
incnt  as  to  tbe  cbanges  in  appearance,  hut  the  interpretations  of 
thc#e  are  at  numcrona  as  tno  inv(sti!;Btors  tbemsekea.  All  am 
agreed  that,  durinf;  conlmctioo,  the  fibre  m a  whole  abortcriAand 
tliickei»,  but  the  changes  in  Torin  which  tfae  ctom  striae  undergo 
are  cot  nudiTstoiid  ho  Wi'll. 

Klein,  in  bis  '  Atlas  of  llistotoiiy,'  maintains  tlic  brundcning 
of  botb  ftripes  tiaDsverselT,  the  dark  utrijie  becoming  thinner  in 
I  hi:  long  axis,  and  the  bright  stripe  more  o|Mique.  Kanvier 
('Traits  Technique  d'Ui»toIogic,'  p.  iSO)  aUtes  that  the  only 

fioints  one  can  lyinscienliousW  observe  in  tbe  contraction  of  ft) 
i?iDg  fibre  are,  that  a  knot  or  bulging  formH,  in  which  the  dar 
baudi  appiuximatf,  being  only  separated  by  Dobie's  line.  This 
li-d  him  to  believe  that  the  dark  Danda  are  the  true  contracting 
part  of  the  fibre,  Ranrier  worked  especially  with  osmic  aci<l, 
llting  the  tibrcs  when  at  rest  and  during  contraction.  \V. 
KrauBC  {'  Allgem«ine  und  Mikro<capischc  Anatomie,'  p.  1)2) 
describes  the  contraction  as  follows :— The  thickness  (in  tbe 
length  of  the  fibre)  of  the  dark  »triiic  or  an  itolropou.s  nub^liiiiec 
the  same  as  far  na  can  be  seen,  while  tbe  thickness  of 
r^tmus  substance  "/.wisehensubslani:"  becomes  less. 
t'r-  ai^es  that  the  substance  of  the  clear  stripe,  whi< 

heLu_^.  1  -  jsduid"MuskeIkbtcben6ii8stgkcit,"pafaes between^ 
tJie  little  dements  of  the  dark  stripe,  cansing  their  lateral  sepa- 
mlion,  and  therefore  broadening  and  vhorlening  the  fibre.  Kn- 
gclmann  ("Nenc  UnlerjudiungcJi  Uber  die  Mtcroskopischeu 
Vamange  bei  der  Mnakeleontradion,"  in  •l*flugcr'a  Archiv,' 
Band  x«iii)  is  certain  that  the  light  stripe  during  complrts' 
contraction  becomea  darker  than  the  dark  stripe,  and  that  there 
period,  as  naturally  follows  from  this  observation,  whc-a 


la  a 


the  fibre  is  qu'Ite  uiistri»(ed.     The  Mripes  are,  in  (act,  rereraed,^ 
the  bright  one  becoming  tlte  darker,  and   «'«  rm^.     Both'' 
stripes  narrow,  but  es]>eciaUy  the  bright  one.     Eugelmann  ad- 
.1  theory  to  account  for  this,  holding  that  the  cause     ' 
lou  is  the  pasiagB  of  duid   from  thi>  isotropon^  ile 
«tTi}ie  into  the  anisotropons  sub^tnucf;  the  rnmier  shrinks  ana 
the  latter  swells.     Most  startling  i*  the  view  o[  Mcrkel 
mann  ond  Schwallie,"  vol.  i,  p.  llfi;,  who  believes  that  the  da 
stripe  shifts  it,*  position,  arranging  itaelf  by  Dobic'a  liue,  wli 
tfae  light  alriiir  passes  to  the  centre. 

tt  \»,  ftk  will  readily  be  admitted,  somewhat  diffieiilt  to  know 
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M  vtlt  to  gmsl 

■re  iuiiiiliiTig,ft  Ji  obviBM  tkrt  that  it  ai 
tt  M7  be  docribed.    Hoe  b  ow  fnli^  < 

iptcic  or  tBB  SB(  bmi  eft& 
it  timdat^Mv^  Ife  Widas  af  it  oc  c*n 

t,  tfae  niper  tadan  m  f^tth  oat  of  ben.    We 

ftmtkm  vt  Om  kw  wbm  Ak  |«(la  h«  Ta7  £nM(l;  ten,  arf 
Id  vUdi  ibn  bcre  mvU/  been  dcMribid,  7«t  tfaat  ob  iBgh% 
^ten^  tbe  loca^  tbe  ippeunoe  it  '^■y^  IVk  cfaags 
«c  nut  etrcMly  ri»df . 

For  tioi  porpoK  «e  msjr  «leet  Hht  ha^  — ■?!»  ol  tke  ^kU 
of  ft  nUnt ;  itRtcfa  them  ercr  w  litUe  spoa  r  paea  of  v«m, 
nd  pbee  Uiem  for  »Be  djiyi  in  50  per  Mat.  alnfaoL  A  Imh 
power  ti  nqatred  for  Uwir  eumtutioii ;  I  have  ben  ia  we 
btbtt  of  ttmaa  *  V,  inch  of  (iasdlacfa,  i  tot  peHeet  koa;  a 
T^  inch  «31,  lioaerer,  do.  A  imill  fanadle  of  fibfSe  ifaaaU  be 
■eleded  hi  prefennce  to  i  whole  fibie  for  exaauaatioa. 

Ob  foetusbg  ft  becoo»a  at  oeoe  ftppsRot  Unt  on  vuTing  tha 
ai9JD(tmcDl  ercr  m  littif,  joa  out  fanog  into  focas  the  tooa  af 
the  riilm  or  tbe  bottonu  of  tbe  vallrja  wludi  lie  bctweeo  ta^ 
Row  tnif  flight  alterelion  it  ralBeieiil  eotiidr  to  cfauga  Ife 
opticel  tppeanitca. 

Kirrt  nbe  the  lens  until  tbe  fibre  be  out  of  focus  wd  b  oolf 
to  be  seen  u  a  dim  ttrcak  mnning  tcrooa  the  field,  then  bring 
it  down  UDtil  its  form  and  the  croes  nerbings  are  disttactl;  to 
be  teen  (tbe  bordrr  is  now  not  quite  distinct  on  a  IctcI  with  the 
boritonlal  aiii  of  the  fibre).  In  litis  position  altcnisting  bghl 
and  dark  bandi  are  tmtde  out,  but  oo  rcstiges  of  Haiaoa'a 
atripn  or  DobJe'a  lines.  (Ft;;.  ■'},  a.)  The  dark  band  rorre*- 
mnda  with  the  nUejr  and  the  light  one  to  the  ridge,  or  ctvat. 
This  wu  tbe  focus  in  which  Bowman  described  his  pTeparatioai 
as  far  af  I  can  ^tbcr  from  tbe  paper.  If  tbe  lens  he  now 
lowered  ever  so  htlle,  llie  itripca  are  rereraed,  a  most  corioof 
point,  which  wai  noticed  by  liowman,  hut  afterwards  last  sight 
of.  'Ilii!  lUtk  baud  now  oorrespoodR  witli  tbe  ridge,  and  the 
bright  birid  wilh  ibe  vollcv.  (Fiu.  3,  c.)  Thb  iti  ihr  funtis-l 
•log  in  which  it  ia  usuallj  (IcsciiWd,  and  in  this  tioeitioa  Dotiie'a. 
\hi}e  and  llenscn's  stripe  arc  to  beetea  as  a  mlem  onooBtracted 
nbrM. 

Between  these  two  poaitioiu  of  the  lena  there  is  gcocnlly  i 
wrII-Hiarked  inlcrroediate  one,  wliidi  is  Jcpirtrd  b  F-  - 
Till-  creata  and  vdIIcj»  are  both  bngitt  and  c>(iually  so, 
Uie  slighteal  noreiaent  of  the  fine  adjiuti'r  will  moke  ultia  uuk 
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or  the  other  the  darker ;  on  the  slopes,  as  it  vcre,  thxn  Bf«, 
howcTer,  narrow  ahailcd  bands,  which  arc  shown  in  Fig.  3,  b. 
The  fibn;  is  now  tjuitc  cU-ar  and  distinct,  and  the  loDgiludinal 
fitmlUtioa  ic  now  best  made  out — if  it  can  be  m«b  at  alt — and 
yet  there  i»  no  sign  of  either  Hen«n*»  or  Dobie's  ttripes. 

These  being  the  obserred  appearances  (and  thejr  ma;  oe  reriGcd 
withost  much  tronble),  we  will  cslciilate  theoretically  the 
appeannees  which  a  homogeneous  fibre  of  such  a  shape  should 
pnscnt  wbcR  examined  bj  transmitted  light,  so  as  to  see 
wlietbcf  our  oWcrvcd  f-flccts  tally  with  what  inajr  be  IheorHically 
calculated.  I'arallt-I  mvit  of  light  paitit  upwartKi  thrcmi^h  the  fibre, 
and  in  tlieir  cour«e  are  altered  in  direction  (see  Pig.  -t) .  'I'he  sub- 
staace  of  tbo  fibre  beins  of  higher  refrasgibility  than  the  fluid  in 
which  it  is  mounted,  the  thicker  parts  which  correspond  to  the 
ri^es  will  act  hkc  converging  lenses,  causing  the  rnjs  of  light 
to  come  la  a  focus  (a  a'  a"),  diverging  again.  The  thinner 
itarts  (Uie  vallejrs)  will,  ou  the  other  hand,  act  as  diverging 
leBtts,  causing  the  rays  to  spread  out,  as  maf  be  seen  on  refer- 
enoe  to  the  dugram.  Now  it  b  evident  ttut  when  the  objective 
is  arranged  to  focus  those  rajs  which  have  passed  throngh  the 
fibre  aiu  converge  over  the  ridges,  at  that  same  position  the 
mya  above  the  rsllevs  will  bo  diverging  (sec  Fig.  4).  Tiiin  will 
prodaee  a  difference  in  the  appearance,  for  the  convi-rging  rays 
will  give  a  bright  band,  while  the  position  of  Uiose  rays  which 
diverge  will  appear  darker.  Alter  the  focus  by  screwing  the 
leos  up  or  down,  and,  provided  the  fibre  can  still  be  seen,  this 
atate  of  matters  will  be  reversed;  for  after  converging,  the  rays 
oboTc,  the  position  of  the  ridges  will  now  be  diverging,  while  nt 
the  Mmc  time  those  over  the  valley  will  be  convoking  and  will 
appear  brighL 

Ttie  condition  seen  in  Fig.  A,  b,  which  is  intermediate  between 
the  low  and  high  focussed  picture  of  the  fibre,  would  be  obtained 
by  shifting  tlic  lens  ball  wav  between  these  two  positions. 
Henren's  stripe  is  no  doubt  due  to  rays  passing  throogh  the 
centre  cif  the  ridges  suffering  tittle  rcfractiou  in  their  course, 
and  thus  cnuidng  a  brightness.  Dobie's  lioc  might,  of  course, 
W  \)iv  nv^TW  of  this,  110  rays  at  ihi*  point  coming  to  the  eye 
of  tJie  obaerver;  but  we  shall  speak  of  this  more  hereafter,  when 
we  shall  show  that  there  is  some  reason  for  auspocting  at  this 
point  a  distinct  structure. 

AUhouf^  it  is  indispensable  to  acoonnt  theoretically  for  the^e 
appearances,  yet  to  most  persons  a  simple  demonstration  will 
carry  more  conviction  than  any  proof  deduced  from  the  Lavs  of 
iiptics,  however  wdl  thi-r  be  undcrslood.  Instead  of  showing 
"  what  >houlil  be,''  we  will  study  "  what  is." 

For  this  puigMciu  we  will  imitate  aa  nearly  as  possible  the 
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flgnre  of  a  moiOBlar  fibre  on  a  snail  acair,  and  it  thall  bo  made' 
out  of  a  anbatnceof  unirorm  couuteooe  tfaroDghout.    Wbat' 
appeaiancca  shall  we  «ee  on  microsoopie  exiiminalion  ?    Tfaifl  hai 
been  acooiDpUahcd  in  the  folloving  manaer:  A  glaaa  rod  u 


Fio.  4.^Tlii«  iTiows  Hie  pBBaiff.    Tlie  roiivoi  putts  convtrKc  the  mjt 
foeut  a'  a"   a'",   Rfter  nhicli   llie;  diverge.     Tlic  hnt  »liift«d  up  or 
down  [vcrticallT)  over  Die  ridj^s,  nnd  di;pr(<ii>ian»  wilt  foens  on,'' 
relitift  Rltcrnatelj,  coDTvrging  and  divei^iig  raj>. 

h«at«d  in  a  Hpint'lamp  and  plunged  into  a  botlli!  or  Canada] 
balram;  it  is  then  withdrawn,  and  a  little  drop  of  the  balsam  is  4 
allowed  to  fitll  on  a  glass  slide,  or  a  thread  of  it  mar  be  laid  out  r 
on  the  iiiirracfl  of  the  glass.     Before  the  drop  or   thread  has 
solidified  it  is  indented  with  the  milled  head  of  a  fine  screwj 
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and  exjuniiKd  with  a  power  of  from  twentv  to  fiftj'  diametcn, 
when  croM  iludinea  arc  to  be  observed.  TSicse  «re  seen,  more* 
DTer,  to  eomtpocu  with  ttic  surfaoc  impressions,  and  not  only 
w>,  but  they  are  reversed  on  altering  the  focus.  Uvn^cii's  stripv 
ia  gencrallj  very  well  seen.  The  moctt  beautiful  and  coiirinciiig 
object  to  study  in  this  connection  ia  a  »caJc  of  the  licpisma. 
They  am  oval  in  shape,  transparent,  ami  single  refraclile  tbroagh- 
oot,  nod  b»tilifully  ribbed  in  their  length,  these  ribbing)  or 
groorjngs  being  indeed  so  fine  that  a  poircr  of  at  least  500 
diameters  will  be  R-quired  to  make  out  those  points  to  he  here 
described.  Vou  would  think  on  looking  at  one  of  theM  scales 
that  a  piece  of  muscle  was  flattened  out  nefore  you  on  the  6eid : 
no  rough  balaara  model,  bat  a  perfect  illustrati(Hi  taken  from 
tfae  back  of  a  tiny  insect. 

The  appearances  it  la  needless  to  dcacribe,  for  they  are,  almost 
to  the  minutest  detail,  those  of  a  muscular  fibre.  'Ilie  bright 
and  dark  stripe  interchanging  with  every  alteration  of  focus, 
Dfloaen's  strijx-,  and  Oobie's  line  (Kraase's  meoibranc)  are  all  to 
be  seen.  In  the  case  of  tlte  l,ieiHsina  scale  the  line  of  Bobic 
t*  in  the  centre  of  a  brigtil  band,  which  is  broader  than  the 
dark  band  witli  lleaseii's  stripe.  Thin  is,  of  course,  the  other 
way  in  the  cose  of  the  niuscaur  fibre. 

We  fee,  thrnfure,  that  a  muscul.ir  fihre  prcK-nls    just  those 


?ia.  a. — Miurubt  fibre  tii'irr.liiNl  lij  Maun,  Gcddei  and  BeddaH. 

Fie.  6. — Oa  tbe  ti^tit  &  hlu-'fus  U  modlded  oh  (he  fibre  uid  i*  striped,  t)>e 

•iripn  corTU|ioiiidiiig  to  the  dnireeaions  on  tl*  tarrncc. 
Pifi.  7. — ^ia  ihnvt  Ike  iDuwuUr  fibres  of  tlie  heart. 

appearaBocs  which  a  transparent  body  of  uniform  texture  and  of 
siQular  «bape  would  poMcn.     ILovever  conduiive  theac  proof; 
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may  have  bef«,  it  is  well  to  collect  all  CTidniDC  poseible  to  s)m>v 
that  tbcBc  markings  en  notbin^  mote  than  optical  effecU,  to 
which  end  a  vctj  t««tiog  espenmeitt  vns  nigg«»ted  to  me  bjr 
Professor  Tail,  It  is  eviacut  that  if  ttit»«  ctom  baticU  are  seea 
irbcu  i>nrallel,  or  n»rly  parallel,  njR  of  light  are  jMsain^  throngfa 
the  tiW,  bv  using  converging  or  diverging  rajs  the  a|ipearaDCc 
will  be  altered,  aiid  it  will  be  |M>Hiblc  hy  carvf ul  ntljuRtmrut  of  a 
lens  to  cause  a  total  reversal  of  the  Htri|tiiig.  If  a  fibre  be  corc- 
follj  foc«s«ed  and  a  rtroDg  biooncavr  diverging  Icus  be  plaoed 
between  the  «t«gc  of  the  microscope  aod  tti«  mirror,  aoi)  care-^^ 
fallj'  idovmI  about  with  the  lingem,  it  will  be  possible  entirely  ti]^^| 
alter  the  fibre,  causing  a  tot«l  reversal  of  the  cross  bands.  Oa^ 
withdrawing  the  lens,  of  coarse  the'  fibre  rcMuoe*  its  nortnal 
appearance.  I  may  mention  that  several  Iimi^cs  were  tried 
before  one  un*  found  which  would  io  at  all  a  nlisfactory 
maajier  show  thin  phenomenon ;  nheu  sucoeMful  the  experiueat 
is  rerj  striking. 

In  opposition  to  my  view  is  the  cme  generally  accepted, 
namely,  that  the  cross  stripiugs  arc  produced  by  differcnow 
along  the  fibre  of  chemical  composition,  and  rcfrangibitily. 

Now,  mippose  that  there  were  along  the  fibre  two  ■Itcrnaling 
structure*,  a  and  b.     J,ct  a  represent  tin  bright  stripe  nuii  a 
the  dark  slripe.     H  a  has  u  higher  or  lower  refractive  index 
than  B,  it  is  evident  that  Although  they  were  immerwd  in  any 
number  of  lluids  of  refraogibility  varying  from  tbe  lowest     ' 
the  highest,  yet  i.  would  always  bo  distinguishable  from  b,  l. 
the  rlripin^  would  always  be  apparent.     Tbcnj  again,  by  pUcin 
tbe  fibres  in  Ituids  of  indices  near  to  that  either  of  A  or  b,  th' 
most  striking  would  b*;  the  oontrast.    If,  however,  the  fibi 
were  homoKcncous  ihroughout,  tbe  striping  being  mireiy  due.  I 
tlie  form,  tuoi  if  ihc  fluid  and  the  6bre  have  llie  <ame  refmc 
tive   index    all    striping  will   disappear.     On   Profeaaor  Taif: 
■u^eetion,    I    tried  a   serin  of   fluids   formed  by  mixing,  i 
vanoos  proportions,  alcohol,  whose  refractive  uidcx  ti  low.  wit 
oil  of    cassia,  wliicb  is  bigb.     In   tbis  vray   I  have  ;  T 

s|>ccimens  showing  almoft  no  crosi  string,  the  ribre   a. 
uniform  until  after  most  cstefut  cxamimitiou. 

Dr.  Klein  has  since  shawn  m«  some  muscolar  fibres  of 
insi^ct.     Tbcy  were  quite  nmooth  and  cylindncal,  and  werei 
ilfMted.     In  these  specimens  iliere  nere,  on  verj"  close  exani 
nation,  cro«s   lines  separated  by   companitivety  wide  in 
It  is  |)0S5ible  tliat  they  rvpresmtcd  Dobie'a  line*.' 


TMKatly  my  ftiendt,  U«imi 
■Tjvmota  oonililion  in  lk(' " 


u._,  .. 
wtri' 


iQ  wu  Iji  tw  \r*a,     Uean 
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But  il  uaj  well  be  awkccl,  ^Vbnt  abuut  the  nctioo  of  staining 
•genta,  such  as  logvood,  which  is  staled  to  tint  (h«  dark  strijN! 
and  Oobi«'B  line?  Does  this  not  show  a  diHeretice  of  slnicture 
alonjf  the  fibres? 

Chicc  having  the  clue  it  wiU  be  understood  that  just  as  the 
Ufutained  fibre  will  modifj'  and  change  the  direction  of  rays 
|MU!>ing  through  il,  to  will  also  a  stainnl  fibre  prodacc  what  are 
npparfnllv  mod  ill  cations  of  the  utaining  effect.  It  i»  generally 
stated  that  the  dark  band  and  Dobie'ft  line  are  ttAincubj'  log* 
wood  aod  carmine,  while  the  bright  hands  remain  unuffreted; 
also  l)ut  HenecD's  stripe  in  tbo  centre  of  the  dark  stripe  it 
Btamml  ddIjt  to  a  slight  degree;  whence  it  follows  that  if  stain- 
ing action  i»  to  be  toe  crittrioa,  tbi«  stitpc  differs  in  strocture 
from  the  dark  itrip'^. 

We,  however,  aBirin  that  the  whole  fibre  i«  stained,  and 
e<iually  stained  thronghuut.  The  bright  band  is  undoabtedli 
stained,  although  it  appears  not  of  the  deep  blue  of  the  dark 
stripe  when  coloured  bv  logwood ;  and  this  conclusion  is  drawn 
not  only  from  an  examination  of  my  own  specimens,  but  also 
from  somo  of  great  beauty  shown  tome  by  Dr.  Klein.  Why 
the  bright  banu  does  not  appear  of  to  dark  a  blue  i»,  that  the 
apparent  shading  of  the  latter  \s  added  to  the  blue  tint,  pro- 
dncing  a  depth  of  colour.  'I'lie  most  oonclusire  proof  of  thi«  is, 
thai  one  can  often  reverse  the  colouring  on  readjusting  Ibc 
focus,  and  that  llenien's  stripe  or  the  bright  part  of  the  dark 
■tripe  is  only  of  a  faint  light  oluf^,  like  that  of  the  bright  stripe. 

Fkrie  acid  stains  muscle  very  readily,  and  colours  it  throogh- 
ual.  The  fibre  to  the  uak^  eye  is  yellow  and  uniformly 
90,  bot  when  examined  by  the  microscope,  alternating  yellow 
and  shaded  yellow  bands  are  to  be  observed,  which  revcm 
their  position  on  changing  the  focus.  With  a  high  focus- 
when  the  crests  are  bnpit  in  the  unstained  preparation — they 
ant  of  a  bright  yellow,  while  the  valleya  are  of  a  deeper  yelhiir 
nlkta 

To  show  the  effects  which  a  fibre  of  this  shape  can  produce 
when  Iniismittiug  monochromatic  light,  nothing  can  he  more 
cooclnsive  than  the  following  experiment: — A  slip  of  coloured 
blue  glass  i*  held  obliiiuely  between  the  reflector  and  the  stage 
of  the  microscope,  so  that  blue  rnys  psss  through  the  fibre.  It 
doea  not  appear  of  a  uniform  tint,  but  beautiful  blue  slripcs  aie 
seen  correaponding  with  the  crests  and  valleys,  and  varying  with 
alleratiooB  of  focus.  If  a  piece  of  red  glass  be  substituted  fo^j 
the  bloc  flip,  red  cross  stripes  are  seen  in  corresponding  pUcca^ 

■DT  Hpluisli'Mi  nt  Ihe  marfciatpi,  they  r^examinnl  their  ipecdniee*  (whicit 
I  luivr  <itii!  •rcd),  aiiU  routid  Ikit  «li«a  tW  ilriit  were  visible  Hwre,  and 
utti]  Uien,  Uie  tbre  «u  aiopullBicd.    (Sec  fig.  5.) 
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For  Hm  ezperinMnt  tbc  frcah  fibres  of  insects'  mnsde  should  ' 
examined,  for,  with  ficc  mainmali&n  mnscle,  the  light  is  not  no^ 
Bood,  owing  to  tJi«  bigfa«r  power  required.  This  cxpcrimmt 
us  been  introduced  here  with  the  <)»cri[)tioii  of  ttaiocd  muscle, 
not  Ihst  it  can  be  ttricUj  computd  with  ui  ordintrj  itunii^ 
proceM,  but  dimply  to  show  wltitt  &ii  influence  the  filve'it  shape 
must  bant  upon  toe  tinting,  supposing,  as  we  do,  that  this  is  in 
reality  uniform. 

Ao  investigation  auch  as  this  is  beset  with  many  difBculties 
Bod  hllacicf,  and  I  oia]'  meotiou  one  which  befel  me  in  this 
Btaee  of  my  work. 

I  had  stained  a  few  muscular  fibres  of  a  rabbit  with  nicro- 
carmine,  and  on  examination,  what  was  mj  surprise  to  Sua  that 
in  some  of  tbem  the  light  etripes  (valleys)  were  most  brilliantly 
stained  with  cannine.  I  was  long  puzzled  at  this,  when  it  wu 
last  discoTCred  that  the  picro^earmine  had  dried  somewhat  on 
the  preparation,  and  the  carmine  hod  mecbanioally  precipitated 
along  the  Talleys,  filling  them  up.  Al  the  end  of  one  or  two 
fibres  this  precipitation  had  partially  peeled  off,  sliowing 
andoubtedly  the  true  nature  of  the  phenomenon. 

I  hare  in  my  possession  very  beautiful  alcoholic  preparations 
stained  with  logwood.  At  first  si^ht,  from  a  study  of  many  of 
tbe  fibres,  one  would  be  led  to  bcacrc  that  the  bright  stripe  is 
wholly  unstained,  while  the  dark  stripes  are  of  a  b<aatiful  rtolrt. 
A  caiefnl  examination,  however,  reraals  tbe  fact  thiit  tuvh 
fibres  arc  broken  op  transversely,  looking  like  piles  of  coin*,  a 
very  commim  occurrence,  especially  in  preparations  that  hnte, 
been  long  moanted.  llie  coins,  lying  close  to  one  anotber,j 
with  narrow  chinks  between,  of  course  rerealod  transvcrso 
unstained  tracts,  which  could  well  be  mistaken  for  the  bright 
stripe. 

More  interest  sjuI  discussion  has  hitherto  acenied  l4  the 
action  of  muscle  on  polarised  light  than  to  the  effects  of  stain- 
ing Tugents.  We  nnvc  seen  that  much  difference  of  opinion 
erota;  Uriicke  has  maintained  tltat  not  only  is  the  dark  stripe 
(ridge),  as  nil  are  agreed,  doubly  refracting,  but  tliot  the  wbolo  i 
of  the  light  stripe  is  isotropaus.  I  mysaf  was  led  to  moilify  ( 
this,  discovering  that  on  careful  focussing  with  a  fibre  not  at  all 
sheared  in  its  length,  the  ceulral  part  of  tlie  light  stripe  was 
undoubtedly  anisotropnut.  This  I  nave  sfterwards  seen  figared, 
as  befure  menliooed,  in  Hermann's  '  Pliystotogy,'  and  ham 
introduced  the  diagram  into  F^g.  2.  It  is  a  point  of  some 
pfHtical  dillleotty  to  mark  exactly  Uie  positions  of  the  cross 
baada  while  tunung  th«  analyser,  and  thus  chatting  the  char- 
acter of  the  field.  Fhis  difficulty  has  been  Dvereooe  completely 
by  a  snggeatioa  of  Frofcasor  Tail's,  who  lu*  hdpcd  tne  much  lb 
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tbts  put  of  th«  work.  Vet;  flae  emoj  povder  (hould  be 
sprinkled  orer  the  prepamtioo  before  corering  it ;  for  tben,  on 
exuQtnatjoD,  numberlcu  little  bUck  specks  will  be  seen  in  the 
ftcU).  A  cro«a  band  of  «  fibre  ia  selected  for  examination  which 
ia  ciactly  opposite  one  of  thrae  liltte  specks,  thtn  when  jou 
rotate  jou  can  drRnitelv  affirm,  LaTing  the  little  black  speck  for 
jour  guide,  wfaxt  chtnge  hu  occurred. 

Rabbitfi'  muscles  are  veir  Mtiffactonr  (^jecU  for  exaninttion, 
u  thej  do  not  cleave  ftcrooat  all  readify.  The  adductor  mtucles 
of  the  leg  should  be  excised,  slightly  stretched  on  a  piece  of  wood, 
and  pUocd  in  50  pet  cent,  alcohol  until  they  spht  readily  into 
fibiiu.  They  may  then  be  mounted  in  an?  ordinary  fluid,  a  fiach 
of  emery  powder  having  been  sprinkled  over  the  prepamtjoa 
before  covering. 

It  is  ueoeaaaiy  to  ose  a  power  of  800  or  1000  diameters  in  the 
inveatigatMD  of  mammalian  mnscle,  while  in  thecaseof  theinsMt 
one  of  300  diameters  is  qnitc  enoagb. 

In  tie  livinf  and  dead  mmfitlarMre  tie  wioi^  ofU*tuh$tanet  it 
douily  refraeting.  The  obwrvalioiis  of  some  modem  observers 
entirely  agree  with  my  own,  in  that  with  crossed  Nicols  the 
crette  (dark  bands]  mid  the  centres  of  the  vatley*  (bright  riripes) 
•ppeur  bright  and  therefore  refmct  light  doubly,  anci  that  tJiere 
are  two  dark  hands  on  the  slopes  between  them  (see  diagnn, 
p.  6,  Fig.  3).  It  does  not  follow,  however,  that  these  two  dnrk 
baoda  represent  tracts  of  isotrapona  sabatancc.  ThUia  the  point 
at  issoe.  The  dark  lines  between  the  valleys  and  ridges  which 
appear  when  the  Nicols  are  crossed  bnve  Wen  interpreted  sa 
marking  the  po>ttioiix  of  cross  bBn4ls  of  singly  refracting  sub- 
stance, nut  this  is  a  fault  of  reasoning.  If  the  libre  were  smooth 
and  cylindrical  it  would  then  follow,  but  the  fibre  ia  not,  as  we 
have  already  insisted.  These  bands  lie  just  on  llic  sloped  parta 
of  (Itc  fibre ;  those  sections,  in  fact,  which  ate  oblique  to  the 
passing  rays ;  an<I  the  exphuiation  is  now  quite  easy,  for  the 
extraordinary  ray  passing  tnrougli  the  fibre  is  naturally  drflrctcd 
at  these  parts,  and  doea  not  reach  the  eye  of  the  observer. 
Hence  the  body  appears  not  to  transmit  tlwm  at  oil  at  these 
parts. 

It  is  not  difficult  to  explain  the  discreponciea  between  Briicke's 
il<;*Rriptiun  of  Uie  bright  stripe  anil  my  own. 

U  is  «isentia]  to  be  very  »criipiiloii«  in  the  Mlection  of  a  fibre 
for  examination.  It  must  not  be  at  all  twisted,  Bor  sheared  in 
the  ^ghtest  degree,  for  tben  the  cross  stripes  are  not  at  right 
aogfea  to  the  long  axis,  and  as  their  width  is  several  times  thdr 
thieknos  (in  the  length)  overlapping  will  to  some  extent  occur. 
I^is  will  certainly  Iciui  to  very  confusing  results,  and  the  bright 
centre  of  |he  bright   stripe  (vallry)  mny   well  be  overlooked. 


Vt4 


JOflH  BU&T  BATCEAFT. 


HoceoT«r,  tint  fibre  should  be  sl^htl;  stratckcd,  «iid  aa  bomU  ul 
possible. 

T(  haa  abo  fMreriotulf  been  mentioned  that  in  many  prcpiin> 
tioRS  the  fibres  split  up  transvcMelv  in  a  mutt  regular  maoncr, 
and,  nnlciis  the  covcr-glus  be  prcs)«d  upon,  the  little  (tiec* 
remain  in  potitton  with  narrow  chinks  between  thorn.  These 
chiiika  vttl  be  G\M  with  the  tKotropous  fluid  used  for  mountingJ 
which  will  lead  to  letj  anomalous  appearances,  and  irhtch  maji 
perhaps  help  to  accoont  for  some  of  Briicke'a  statrmcnts.  ThcM 
Isllacies  may  be  avoided  bj-  a  atacJy  of  the  ft«»h  fibres  of  insects' 
muscle  DjrlUcui  And  hvdronhilus  muscle  has  received  u  Urge 
•hare  of  the  attention  of  histoiogist?,  but  that  from  llie  wafji  or 
blae'boltle  fly  ia  quite  as'good.  A  leg  should  be  nulled  frun 
the  trunk  of  a  blue-botlle  fiy,  and  this  again  forcibfj  separated 
at  the  middle  joint.  A  piece  of  masde  wdl  project  uom  one  of 
the  Migments,  which  may  be  cut  off  and  examined  in  a  drm>  of 
fluid  cxpTcsted  from  the  thorax  of  the  fljr.  The  polariscopic  effects 
may  then  be  made  dearly  out  in  the  stJIl  oontractiog  flbres.  I 
have  testMl  all  these  point*  by  a  careful  einminalJOD  of  inseoU' 
fibre*  with  thin  pUtet  of  telenite  and  mica.  This  mtibod  is  not 
SO  satisfactory,  nor  do  the  difTerences  of  colour  seem  to  gire 
such  reliable  eridenoe  aa  may  be  obtained  by  the  crossed  Niooli^Hfl 
alone.  ^H 

Tt«Ji6re  during  eoniraetioi . — Living  insects'  muscle  may  bo 
examined  and  the  dianges  obiaened  when  the  ware*  of  oontrM- 
tion  pass  along  the  Rbre,  or,  perhaps  better  still,  ihey  may  be 
fixed  with  osmic  acid.  The  muscles  from  the  leg  of  an  inseci 
are  raptdty  separated  out  on  a  slide,  and  a  drop  of  weak  osmic 
acid  added,  which  kills  the  fibres  instanuneouslj,  fixing  them 
in  the  punlion  thst  they  happen  to  be  in.  On  eiamituttion  one 
generally  finds  fibres  which  in  |Mirt  of  their  course  are  contracted, 
and  in  other  part*  relaxed,  when  the  diffnences  in  appranmce 
may  readily  m  studied.  Il  may  here  be  ub««rTe«i  ihnl  the 
fibres  bulge  at  the  contracted  part,  so  that  if  tlie  mrfatts  be 
examined  the  focus  of  the  microscope  must  be  accommodated. 

I'he  cross  stripes  are  nearer  one  to  another  and  correspond,  aa 
before,  with  the  ridges  and  valleys  seen  iit  the  margin,  waidi  an 
mnch  more  promiaent  and  bolder  in  outline. 

In  tie  emtracUJJidrt  tie  ttripuiy  U  practieaUy  the  wme  ai 
tAs  tlrelcAed  eondUiom.  The  oontrscted  fibre  exhibits  ju»t  ibi 
•anu!  reversing  of  stripes  on  alteration  of  focus,  and  Ochie's  li 
and  llFiisen's  !tri|)caiti  both  be  seen  in  tbc  saioe  positions  as  i 
the  unrviiilrooted  muscle,  providMl  the  fibre  is  smtahly  placed  foi 
exaiutiiuttun,  and  not  nbeareil  in  its  length.  We  must  entirely 
deny   the  common  stalemti  inlrodnoed,   we  believi-,  by 

£ngdman»,  llut  in  (he  col  ; .  Ac  the  bright  band  bccomu 
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tbe  ilarker.  If  good  sprcimens  of  intects'  muscle  be  »amined, 
which  have  btm  trestcd  with  osmic  acii),  and  if  the  fibre  be  not 
Kheved,  the  vallcT  is  nlvavs  bright  in  th«  ordiimry  or  d<«{)«r 
focne.  1  bare  reriiicd  tlii«  noint  in  ven-  man/  cases.  Passing 
aloofC  a  fibre  from  ihciFUxwendtoapart  where  the  contraction 
is  fullesl,  the  ap)M-tiraDoe!i  vary  in  degree,  but  not  iii  kind.  The 
main  fcatnred  are  in  both  oases  the  same,  bat  the  stripes  arc 
now  uarrower,  and  often  it  is  not  to  eaajr  to  see  Dobie's  and 
[iHiaen's  atripBs.  It  follows,  from  the  (tatcmcnlof  Eof^lmanu's, 
I"  Die  bright  stripes  become  darker  than  tlie  dim,"  m  he  himself 
I  tlut  at  one  point,  or  plLue,  iu  thr  oontractioo,  no  otripiiig 
to  be  made  out.  ^Ve  agree  with  Ranvier  that  this  is  not 
true;  indeed, it  would  be  iropoesiblc  for  a  muscoUr  fibre  with 
its  conilguratioQ  not  to  be  maiked  across  it«  length. 

This  snbject  will  call  up  to  the  miud  of  every  wtirking  bis- 
alogist  appuaranecs  which  he  mu^t  have  met  with  iii  other  fields 
mearch.     Many  tissues  naturally,  or  after  clumsy  manipula- 
tion, present  ainpullalions  which  always  coexist  with  cro»!>  slriic. 
Tbe  fibres  of  the  crrslalline  lens  are  wavy  in  outline,  ami  when 
iffiany  of  tliem  are  Iwund  together  and  seen  on  edge,  with  the 
wavy  outiiue  towards  the  eye  of  the  observer,  cross  bands  are 
rbtch  in  chance  prcparAlions  (especially  those  of  the  frog's 
ens)  simulate  muscle  in  a  wonderful  manner.     Ordinary  uon< 
Fitripcd  mnaclc,  which  may  be  so  well  i>een  in  the  frog's  bladder, 
is  often  faintly  ampullated,  e^jiecially,  perhaps,  iu  chloridc-of- 
sold  pieinrations.     Cross  stri|ies  may  also  here  l»e  seen.     The 
bbrcs  of  Tomes,  wlien  a  section  of  softened  tooth  is  tcainl,  arc 
pulled  out  of  the  dentinal  tubules,  and,  being  of  a  soft  nod  somc- 
wbal  elastic  nature,  on  breaking  they  become  often  very  besuli- 
fully  ampullated,  and  it  would  be  impossible  to  distiDguish  them 
[{rum  uaKolar  fibrilla;.     In  the  cIahm  of  practical  histology,  oaJ 
[more  than  one  occasion  «tudenlj  have  asbed  me  ihv  meaning^ 
'of  farBUiiful  cross   shadings  seen    on   nerre  fibres;   a  slight 
ampullatiou,  which  fully  accounted  for  it,  was  alnays  found. 

Kfany  more  instances  of  a  like  nature  will  be  recalled  in  t!i« 

experience  of  every  one;  it  is  needless  to  enumerate  further. 

Ill  the  winter  of  18T0-S0,  while  examining    fibres   of  the 

I  muscles  of  a  newly-born  child,  a  very   curious  discovery  wa* 

[wadr^     A  nucleus  adhering  to  the  sarcolemina  was  seen  beau> 

'  Hfnlly  Btri|)ed.     It  was  not  in  close  apposition  to  the  fibre,  a  very  ' 

[narrow  chink  intcrvcnina.     On  focussing  with   great  csre,  it 

WW  acen  that  tlic  cross  bands  upon  it  corrcsponiml  willi  those 

of  the  adjoining  fibre,  a  dark  one,  however,  for  a  light  one,  and 

riV<-  '   -'j!.  &).     Now,  the  curious  point  was  that  the  nuctens 

hail  .(   been   impressed  by  the  fibre,  moulded  upon  it, 

w  it  Htitt:,  and  on  being  palled  apart  had  presented  a  perfect 
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llir  •)«■*  >tri|>fa  or  valleys  hj  linet,  jost  u  tlicv  are  so  joined 
DMMM  ihp  dirk  stripes,  sitbough  tlie  lens  most  be  depressed 
Vimt  (o  littk  to  make  this  oat.  Th«c  liitcaare,  in  fact,  nothing 
won  or  Ims  than  the  longitudinal  stria:  described  tntBV  jean  ago 
i»  l^rinK  tx^Ivecn  tlic  flbnlla?  of  n-faich  Ihc  fibre  i»  coiDpo»d, 
ittMf  ntUe  knobs  lyiug  in  tlieir  oourM.  Thit  cun,  pnrlinp*, 
Uiwt  rooctusiielv  be  nude  out  in  the  following  way  : — Allov  b 

Civoo  uf  insect's  tniucle  to  remain  in  a  drop  of  waler  for  soin« 
Dun  (which  will  vftry  with  the  temperature)  until  it  has  par- 
tialir  putrvfidl.  Then  corcr  and  exan^ine,  when  nmny  of  the 
fibrrs  «iil  li.tvr  ^it-pnnited  towards  their  ciidn  into  fibrillic.  One 
can  tht-D  distinctly  trace  the  cbink*  betwetn  the  aeuaniled  Abrille 
as  bring  continuous  vilh  thi^  attix,  on  whiclithe  knobs  are  villi 
seen  in  the  centre  of  the  fibre.  I  think  that  the  following  is  a 
feuihlc  explaiialiou  of  these  knob-like  cntsrgemcnts  of  Uie 
cetnaittng  tab^tance  seen  as  losgitadinal  striffi.  These  knobs 
occur,  aa  will  be  brAulifully  seen  on  referring  lo  the  woodcut  in 
Quain,  on  the  *Io]ks  between  the  valleys  and  the  ridge*.  IV 
cementing  aubstanoe  dips  dowu  here  with  the  Gbie  iUelf,  and  if 
thrrv  hr  the  slightest  lateral  obliquity  it  will  appear  laiser. 
You  see  iIk  cementing  matter  on  edge,  and  dlfTenng  tts  it  aota 
rr»in  the  muscle-substance  in  refrangibility,  a  distortion  ooonn, 
giving  rise  not  lo  a  dark  line  aa  on  the  surface,  but  to  a  dirk  knob. 
This  is,  in  fact,  but  an  optical  delusion,  fur  the  strife  arc  unite 
uniform,  and  were  the  fibnc  cylindricu!  would  iipjiear  so.  This 
may  be  proved  by  the  fact  that  very  often  if  the  rny*  of  light 
From  the  rrliector  are  otilirjue,  but  one  set  of  dots  appears,  wluch 
sliift  over  lo  tbc  other  side  on  twisting  tlie  mirror.  ])y  shifiing 
tlic  prcgwralion  about,  or  by  twisting  the  tnbc  of  tbe  microscojie 
obliqurly,  ti>e  dota  disappear  from  one  pott  of  the  fibre  to  appear 
in  another,  shoving  thai  il  is  but  an  optical  effect,  and  thai  no 
structure  here  exist*. 

Before  concluding  I  must  gratefully  acknowledge  mu^  bdp 
and  sympathy  whicli  I  have  received  in  this  investigation. 

To  Profcsior  Tait  I  have  gone  when  in  any  difficulty,  for  iin 
obKrver  in  a  case  such  as  this  must  have  the  aid  of  an  ei- 

teriroeed  physicist,  otberwise  grievous  error  is  but  courted.  To 
im,  OS  has  l>cen  seen  in  the  text,  I  owe  many  suggestions,  and 
Im  has  kindly  entirely  looked  over  my  {tiper.  Dr.  Klein  has 
shown  me  great  kiodneas  in  carefully  exnminiuff  my  prcparalioos 
frem  the  histological  point  uf  view,  and  as  has  befiire  beeu  men- 
tioiied,  in  showing  me  prepanttiuna  to  corroborate  my  views. 
Mv  thanks  are  due  to  my  friend  Mr.  Priestley  for  many  useful 
lliuU,  especially  concerning  the  litcnturo  of  the  subject. 


I 
I 


CAVat  or  aTaiAvns  or  volcvtast  nnceiA*.  nmcw. 


» 
* 


bw!  vauld  be  eiAndT  bul  ta  ■;  w«s.     It  «m,  I^ 
freah  oooditKm  tbc  fi'bns  wc  am*  aCniMd.  bat  at  Ui« 
tiiBr  tbcir  bonlm  aic  qnit«  imboA.    Taat  lbs  »  uiohj 


ruf  of  iaooaatntiat  wuk  bbt  Ir>^  An;  hat  opallr  vitk 
Ihat  of  an  iiMeel.  It  » Irae  ttm  oAca  fro*  (he 
«r  (heir  on  castnatao^  (hey  nc  tvitfcd,  whca  the 
bocdar  wiU  on  s  cml(»  inycuna  iMptr  at  •  dwtJart 
TIm  fltnprs  at  Uiia  poiBt  are  boC  at  sU  iatattl;  aen,  bat  je 
aVajs  be  aude  oat,  aa  nil  aa  tht  araatattd  bankr.  ladec^ 
thta  baa  hem  titpati  bj  man  this  oar  abMrrer  (ErauK),  aod 
it  was  m  the  frtab  miude  of  (be  tnb  lb«t  I  fint  ofaanrMl  h. 

Dr.  Kkin  iolonBa  aa  that  there  b  ao  duabt  aa  t«  tbc  (nan- 
b'liaal  ala^  in  the  cowtwetktt  of  a  aMMde  daacnbtj  hj  'Bagtl~ 
rnian.  It  wiil  be  waaihiiaJ  that  tUi  ia  ialiiiiaJiaUi  betVfloi 
ibe  tontncicd  and  rabted  part,  aad  that  hna  the  fibre  i>  Doa- 
Mnated'  Dr.  KIna  fram  a  •ttiiij  of  one  of  Ei^lmi&aD's  pre- 
paration* wu  able  tu  pre  the  irue  esjiUnation  of  this.  Tbe 
part  «h>cb  waa  iua*altiated  was  per&ctir  aniaotb  n  ooUiar, 
panUig  al  either  rod  talo  the  itripnl  and  CKDuUted  Cbre. 
Probablr  the  inleroiedtale  pin  if  a  piece  of  tbe  fibre  atntcbtd 


hy  iu  eontiactioB,  the  two  enda  being  fixed. 
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On  the  BuLATio*  of  Micmo*0>Q*Mt<u«  'o  Diruasii.  Bt 
iosxPH  I.ircTSR,  F.K.S..  Pnrfvuor  uf  CUuical  Surgery 
in  King's  CulUge,  London.* 

The  relntioD  of  micro-orgnuisms  to  dis^ue  is  a  subject  of 
THt  ext«nt  ntiil  iniportnnce.  If  we  compare  the  prMent 
state  of  knowledge  rrgarding  it  with  thai  of  twenty  jeirs  ago, 
we  aT«  astonUbed  at  the  progress  which  has  been  metle  in 
the  iDteivsl.  At  that  time  berieria  were  little  more  than 
Kicniilic  ciiritwilirs;  vrhrther  they  were  animal  or  vrgetable 
frw  jidjple  knew  ur  careilj  but  most  TegaTd>^  them  as  animala 
on  account  of  the  active  movemenis  which  they  often  ex- 
hibited. That  they  were  causes  of  putrefaction,  or  other 
feTmeniative  changes,  was  a  thing  scarcely  thought  of;  and 
the  uution  that  they  had  special  relations  to  disease  would 
have  been  regarded  as  the  nildeet  of  epecalations.  Now, 
bowerer,  a  mass  of  informalion  has  been  accumulated  ro■^^^■ 
ganlin^  all  these  points,  of  which  it  would  be  hopeless  fur^^| 
me  to  attempt  to  give  rvcn  a  brief  skrtch  in  the  timr  at  my 
disposal,  and  all  that  I  can  do  is  to  preMml  lu  the  palhlu- 
lugical  section  a  few  examples  illustrating  the  progress  which 
is  being  made  in  this  department  of  research. 

First,  I  will  mention  some  examples  of  the  labours  of  X)r, 
Koch,  of  WolUtein,  in  Germany.  Though  a  hanl-norkrd 
general  practitioner,  Koch  has  contrived  to  devote  an  im- 
mense amount  of  time  and  energy'  to  his  investigations,  and 
by  a  comliinniion  of  well-planned  expenmeuts,  ingetuous 
methods  of  staining  bacteria  out  of  pruportivu  to  the  tissues 
amoog  which  they  lie,  a  beautiful  adaptation  of  optical 
principles  to  render  the  coloured  objects  discernible  by  the 
human  eye,  and,  further,  by  a  most  successful  application 
of  micro- photograph y,  he  has  succeeded  in  dcraonttrattng 
the  presence  of  these  miuutc  orgauisitu  iu  a  manner  never 
befure  altainrd. 

The   B<Ktllut    anlhracit    is    now    universally    recognised 
among  pathologists  as  the  cause  of  splenic  fever,  so  fa 
among  cattle  in   this  and  other  countries,  and  capnblv 
being  communiciited  to  various  other  animals,  and,  amo' 
the  rest,  to  the  human  species,  as  has  been  lately  iltustra 
by    llir    *o-calhd    «■■  .'    ilisease,    in    the    Nutili 

Englauit.     The  Bna^  r.acit  \%  a  large  form  of  baot 

*  Ab  aMiMS  Aalitnsd  bafors  Uis  Pktbolefieal  ScetioD  of  Uie  '. 
UciUcal  Assoriatiaft  at  CsBbsidBC  Augu»4  ltti>,  I'iV}. 
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Tiuni,  a*  U  sbowD  at  a  in  the  nccompBii]'ing  noodcul.     It  is 


^/o 


there  r«pTce«ntctl  miignified  TOO  <Iinmeters,  aloog  with  red 
bloodHTorpuKle*  uf  a  mouse,  and  tin;  tchIs  of  which  it  is 
campO«ed  are  se«ii  to  be  in  diatneter  nt-nrly  oni;  fourth  uf 
lliat  uf  tbe  rei)  iwrpiieck-B.  Kuch'»  method  of  siaiiiiii|;  the 
sections  »bowB  in  the  in<»l  bc-aiitifiit  manner  ihai  these 
bacilli  arc  not  oiiljr  ptc««iit  in  the  (pleen  and  some  other 
organ*,  but  that  the;  people  tbe  blood  iti  the  minute  vcttel* 
of  all  parts.  Koch  has  thus  added  to  our  conviction  that 
the  bacillus  is  tbe  cause  of  the  symptoms,  seeing;  that,  as  he 
remarks,  it  is  impossible  to  siijipwtc  that  an  organism  can 
develop  in  such  enormotis  iiiimWrs  at  the  expense  of  the 
vital  fluid  witliuut  exerting  a  serious  influence  upon  the 
sfBlein. 

But  the  most  strilting  aitd  important  resulu  of  Koch's 
methods  uf  investigation  are  those  which  relate  to  OT^EaDisros 
of  much  smaller  dimensions.  He  found  that,  if  putrid 
liquid  is  injected  under  the  skin  of  a  mouse,  the  animal 
ma}'  die  in  the  course  uf  a  shoit  time,  as  tht;  rttHult  of  the 
chemically  toxic  efftcls  of  the  products  of  putrefaction  ab- 
•orl>cd  into  tlie  circutaliun  ;  but,  if  it  survive  this  primary 
dtaurder,  it  may  succumb  in  the  course  of  about  two  day*  to 
blood  disease.  If  the  point  of  a  lancet  be  dipped  into  the 
blood  of  tbe  heart  of  a  mouse  which  has  died  in  this  way, 
and  a  scratch  be  madi^  in  the  skin  of  a  healthy  mouse  tvith 
the  envitnomed  inXrument,  the  second  mouse  died  with 
aimilar  9)m|itoms  to  those  of  the  first,  the  jroison  being 
absolutely  certain  in  its  virulent  opeisiion;  and  (he  same 
thing  may  be  continued  inde6niiely  through  any  reiies  of 
animals.  If  now  sections  uf  the  tissues  be  made  and  siaineil, 
and  examined  by  Koch's  procedures,  it  is  found  that  the 
entire  hloud  of  the  diseaseil  animal  is  peopled  with  bacteria, 
TesembUiig  tbose  of  the  Bacillut  anthraeU  in  the  enormous 
nuliiiudes  in  which  they  are  produced,  and  also  in  llirir 
rod-like  form,  but  differinj;  from  them  in  Wing  i;x()uisi(i:ly 
minute  and  rlelicato,  as  is  shown  at  b  (drawn  on  ihe  same 
•cnle  aa  a,  a*  is  indicated  by  tbe  accompanying  outlines  of 
ted  corpuscles),  where  it  is  seen  that  the  diameter  can  only 
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be  repres«»led  by  *  sleniler  streak  not  one  eit;bth  of  the 
diameter  of  the  Bacilliu  anthraeit,  and  «ucb  aa,  before  the 
intrwhu'lion  of  Koch's  mt-ikoJ,  woub)  have  <;i>cap4!d  nuiic« 
alti^ellitr.  N»n-,  ihiit  ilisoase  i*  tolall)'  dUntict  from  p)'»mia, 
beinf:  not  Rccomt>anied  with  multiple  abeceseee  or  embolism; 
Wild  thus  it  has  been  showu  bj  Eocb  that  cvpticsaiis  tuuy 


exist  M  8  (Iradly  blood  disease,  caused  hjr  the  develonmentj 
of  micro-orgitnisnis,  t-qiinlly  distinct  from  pyniiQia  and  fromj 
the  chemically  toxic  effects  of  M-]>tic  products. 

On  some  occasioim,  as  the  result  of  tbe  introduction  of 
putrid  fluid  under  the  mouse's  skin,  Koch  found,  besides 
Si-pti<.a-mia,  a  local  alTcciion  of  the  seal  of  iii<X!iilalion,  in  the 
Turin  of  spreadiuf;  gangrene;  and,  ou  luvvtili gating  the  part, 
he  discovered  in  it,  exactly  coTTcspoiidingwiili  the  extent  of 
the  local  affection,  another  organism  very  differently  formed 
trom  that  of  ibc  septiciemia,  viz.  a  micrococcus,  conEiBtin4( 
of  minute  splipricai  granules  arranged  in  linear  series,  like 
•uiugs  of  exqui&itely  minute  beads,  as  represented  at  c  la| 

r 

the  vroodcut.      Believing  that  this  locally  developing  or. 
ganism  must  be  the  cause  of  the  gangrene,  he  tried  to  sepn* 
rale  it  from  the  bacillus  of  the  septScirmia,  and  succeeded 
through  an  accidental  oWervalion  of  gnrni  interest.    UaTing 
till  itiat  lime  em[)lDyeil  the  house  niou»e  in  hie  experiments, J 
he  happened  to  try  (be  inoculation  of  a  field  mouse.     Thia) 
animal,  ihuugh  so  closely  allied,  proved  not  susceptible  of 
tlie  septictt'mia.     The  bacillus  of  that  disease  was  unable  to' 
grow  in  the  blood  of  the  field  mou»e,  but  the  micrococcus  of 
llie  gangrene  eould  develop  among  its  tissues.     The  aeari 
organism  was  thus  obtained  in  an  isolated  form,  and,  wheal 
Diiw    inorulaied    into   the   bon!>r   muut-c,    piodured    in    lliat 
animal  ^aii;{rene  pnte  and    (tiuiple,  extending  for  an  i&ile- 
finite  period  amuug  its  tissues. 

Thus  the  animal  bodv,  which  bad  previously  beeo  id 
obwure  Geld  of  laboni  io  ibtt  departmenij  iu  whiuli  ibt 
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paiViuIugitt  iliit  liltle  more  llinn  grope  in  the  <i«rlt,  wm  cnn- 
vi-rit^d  by  Kocli  iiiin  a  pure  rultivniirif'  iippnTatUB,  in  uliirh 
the  growih  and  elfecU  of  the  miorfl-orgiiitigins  of  various 
infective  iHbvhsps  could  be  studied  with  the  utmost  sim- 
plicity and  precifion. 

One  more  example  I  must  lake  from  Koch's  work.  On 
oue  occasion,  aa  the  insult  of  inoculating  putrid  liquid  into 
a  rabbit,  he  observed  n  epreadin);  inflainmatinn  haviiiK  all 
thr  clinical  chanKtem  of  I'lyxipi'lus ;  and,  on  (■xunutiinf^ 
•tuned  seciionB  of  tin*  |MirL,  h<!  <li«rovercd  another  <-xiiui- 
■iiely  delicate  Iwtcillus  resembling  th«  micrococcus  of  the 
gangrene  in  being  local  in  its  development,  while  its  exact 
correspondence  in  extent  nith  that  of  the  disease  k-d  fairly 
to  tliv  conclusion  that  it  constituted  the  materies  morhi,^ 

I  will  next  rfftir  to  a  iliteasMs  occtiKioncd  by  a  micro- 
organism discovered  by  the  eminent  [Mlhologisc,  Professor 
Tousssinl,  of  Toulouse,  whom  1  am  proud  to  »fe  pr«scnt  in 
this  Section  to-day.  This  disease  hut  been  somenhat  in- 
npproprititGly  termed  Cfit/lcra  des  poutes,  or  fowl  cholera, 
for  ic  is  not  attcndit)  with  ()iarrha>a  or  any  other  of  the 
symptoms  of  cholera;  hut,  as  it  happened  to  be  extremely 
destructive  among  the  noultry-yanla  of  Paris  at  the  same 
time  that  an  epidemic  of  cholera  was  raging  in  the  city,  the 
disorder  that  prevailed  among  the  fowls  was  also  ){iven  tho 
name  of  cholera.  The  Itsion*  by  which  it  is  chiefly  chn- 
raderisiNl  are  great  swrlliiig  of  the  chain.t  of  lym]>haiic 
glands  in  the  vicinity  of  the  trachea,  peTicardiiis  accom- 
panied with  fircat  effusion,  and  congestion,  and  it  may  be 
ulceration,  of  the  mucous  membrane  of  the  duodenum.  It 
is  a  blood  disease,  and  hi)chiy  infectious.  If  some  of  the 
bloMlof  a  chicken  t'lal  has  died  of  it  be  mixed  with  the  oats 
with  which  healthy  chickens  an?  fed,  a  comidcrabic  propor- 
tion, perhaps  four  out  of  six,  are  afiV-ctcd  and  ilic;  and 
similar  results  are  produced  by  mixing  the  inicslinal  cx- 
rreift  nf  dispuMil  fowh  with  the  food.  It  is  an  interesting 
question  how  the  virus  thus  administered  enters  the  circu- 
lation. The  invariable  affection  of  the  hmplintic  glands  of 
the  throat  sujcj^sts  to  M.  T>.<u>>-->aiiit  the  idea  that  some 
accidental  nhrasiun  of  the  fpichelium  in  the  mouth  or 
pharynx  is  prubably  the  channel;  and  this  view  is  con- 
firmed by  the  fact  that  a  similar  affection  of  ihe  lymphatic 
glaniis,  together  with  other  symptoms  of  the  diKcaitc,  in  pro- 
duced by  iuociilating  the  chicken  in  thn  mouth ;  and  fur- 

'  See  '  Unlet siK^ubitrn  «brr  die  Jtlinlr^ic  rftt  U'ijni!iiifc-eli»iiil.nnk- 
liri«»«/  Van  Kdbm  I>r.  Kocii,  Liiyui;,  l^ii.  A  ItJuialatMii  ludj'iftl  Uuu 
is>aeil  b)  Uie  SjitenhaB  Socioiy. 
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iher.  by  th?  circnmstunce  lh»t  sueh  chickens  aa  fail  to  lake 
tl)c  dUcnw  when  fed  with  the  inliccied  footi  are  liable  to  it 
when  inoctilaioti,  ini|>l}it>t;  thiit  il  wn»  mcn-ly  romc  aeci- 
<)ental  circuin»tance  vrhich  svcurcd  tlirir  prt-vioim  immunit]:. 
Thii  disease  has  been  made  the  mibject  of  Bjiecial  inveslifgn- 
tioti  by  M.  PssteuT.  lie  found  that  the  micro-oixitniain 
could  be  readily  cultivated  outside  the  body  of  tlic  fowl.  It 
waa,  indeed,  vornewhat  particwlar  ns  Tfgnrtiti  the  fluid  in . 
which  it  would  grow ;  thus  ycnttl- water,  in  which  the . 
Baciiitts  anihradt  grown  readily,  proved  an  uiisuiuble 
medium  for  this  oreanism,  but  it  giow  luxuriantly  in 
chicken  broth,  and,  indeed,  in  infuKtou  of  other  kimls  of 
meat ;  but  chieki'n  broth  proved  ppciilinrly  conveiiieut  for 
the  purnose.  M.  I'asieur  )ia«  been  ro  kind  as  to  Bcnd  m« 
•ome  tubev  in  which  the  organism  has  been  ctiUivitted,  and 
a  drop  of  the  liquid  has  been  placed  undpr  a  tnicroaoops  ou  i 
the  uhle.  It  will  be  seen  that  the  or^ani«m  i«  a  minute 
form  of  bacterium,  ovalnhnptvl,  teudinj;  to  nmllipticntion  by 
tnuiFvcrBc  conBiricliou,  and  vi-ry  frequently  seen  in  pain, 
and  oc-AHionally  in  chains,  lis  transveTM  diainetrr  i»  from 
l&O.OOOth  to  l-25,000lh  of  an  inch,  so  that  it  rcsembW  very 
closely  the  Baeterium  lactt*.     The  woodcut  d  represenis  a^ 


camera  lucida  sketch  of  the  organism  sent  by  M.  Hastrar.f 
80  far  as  I  am  aware,  this  is  the  first  time  this  barieritnii 
has  Iwen  shown  in  this  counlrv.     Now,  it  wa6  found  by 
Pasteur    that  the  ot^anism    could  be  pTodiieed  tn  chicVen 
broth  in  any  number  of  tucccMivr  ciiliivutions,  and  to  the 
last  retain  its  full  virult^iice,  so  that,  if  a  healthy  chicken  bo 
inoculated  with  il,  the  fatal  disease  was  produced  as  •nrclj 
aa  by  ii>ocu1ation  with  the  blood  of  a  fowl  that  had  died  aC 
the  complaint.     This  was  pretty  cooclqnve  erid<-nce  ihall 
lite  orpnicni  was  lh«  nia>e  of  the  diaease,  and  thai  it  cun-J 
stilui^  ihe  Irni-  infrriirv  element ;  becsuM  any  other  mate-] 
rial  that  might  be  suppused  to  accompany  it  in  ihn  blood  ol 
ibt  disea*t-d  animal  must  hare  b««D  got  nd  of  by  the  sue 
ccMiive  cultivatious  in  cliickca  broth. 

lite  growth  of  the  organtsoi  occasions  no  puinbctifiQ  in 
.1...  1:  - -Til  •  M  thai  this  is  a  good  example  of  a  bartenumj 
most  deatructive  aa  a  disease,  but  wfairh  i*  at  the 

«!  Ume  enlirely  destitute  (if  vp" 

■  aetin  of  that  tvim  a«  rquivnii 
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the  bitcreTtuin  baa  grown  fur  a  certain  time  in  a  gueii  por- 
lion  of  chicken  broih,  it  ceases  to  develo^t  funlicr;  and  wnea 
this  is   thi-  cnRO,  nIthouKh  the  brotb  hns  lost  only  a  very 
small  pFoporticiii  of  itw  siibHiaticc  by  weight,  and  although, 
aa   af<H«Hai<l,  it    has    not   undergone    putri-fni:tion,  and  slilj 
ounatitutes    an    excellent     pabulum    for    otiliiiary    forms    of 
bocieria,  the  biiclcrium  of  the  fowl-choleis,  though  iiitro- 
Hucnl  from  tome  new  voiitce,  it  incapable  of  srowing  in  it. 
Thia  fact  Becms  highly  snggeatiTe  of  an  annlogy  with  the 
efiecta  of  vaccination,  or  those  of  an  attack  of  mcnHlim  or 
Bcarlatina  in  Mcuring  immunity  from  the  disease  for   the 
future,     HvTV  wn  have  a  c4Ttain  medium  inTadod  by  a  virus 
cspabte  of  fcclf-muiU|iliculioii,  as  is  the  cuae  with  thoM  dis- 
esaea  in  the  animal  bi>dy;  the  medium  itaelf  little  aSicted 
chemically  by  the  xrowih  of  the  virus  within  it,  but  never- 
tbeleM  rendered  unfit  for  the  development  of  that  virus  for 
the  future.     Hut  something  more  than   the  suggestion  of 
analogy  with  vaccination  has  been  effVcted  by  M.  Fattteur. 
By  cultivating  this  bacterium  in  a  pariicuUr  manner,  whii-li 
be  h««  not  yet  published,  he  enfeebles  the  organism,  as  he 
believes,  and  prcxluc^-s  such  an  alteration  in  it  that,  when 
inoculated  into  a  healthy  fowl,  it  produces  only  n  modified, 
and   no  longer  fatal  form  of  complaint,  hut   the   bird   i« 
thereby  lendeied  secure  against  taking  the  ordinary  form  of 
the  disease.     It  has  been  really  vaccinated,  if  we  adopt  M. 
Pasteur's  extension  of  the  term  vaccination  to  other  similar 
cases  ;  for  just  as  we  sjieak  of  an  iron  milci'tune,  we  may,  if 
we  plCaK,  apply  the  term  vaccination  to  the  use  of  a  virus 
other  than  the  vaccine  obtained  from  a  heifer.     But  though 
the   vaccination   with   the   modified   bacteria  of  the   fowl- 
cholera  doea  not   (K.-ca9ion   the    fatal   diseas<!,  it   produces 
pretty  severe  local  elTccla.     If  inoculated  on  the  breast  of 
the  fowl,  it  causes  a  limited  gangrene  of  the  pectoral  muscle, 
the  affi^Ied   part   falling  on  in  due  time  as  a  dry  slough. 
Through  the  great  kindncM  of  M.  Pasteur,  I  have  now  the 
opportunity  o<  showing  to  the  Section  a  hen  which  hati 
bci^n    Ireatrd   in    this  way.     You  observe  a  slough  on  the 
bri^ast  of  the  bird  about  a*  Urge  us  a  penny  piece ;  it  is  dry, 
Bud  obviously  old.     The  fowl  has  been  some  days  in  my 
IHWSOsrion    subaequrntiy   to  its   journey    from   Paris;    but 
though  more  than  enough  time  has  elapsed  since  the  inocu- 
lation to  have  caused  its  death,  had  the  dieense  been  in  the 
ordinary  form,  it  ia,   you  see,  in  good  bealtli,   bright  and 
active,  and  it  both  cuts  and  sleeps  wirll.' 

■  U,  Putcur*!  mmcbes  on  lliis  snbjeol  are  rtlated  in  the  '  Comptts 
Euuln*  da  I'Ai^fiaue  de*  Soieaces,'  Pebninr;,  April,  aod  Uoj,  ISSO. 
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I  will  now  rc^turn  to  Uie  BacUltu  autkracit,  with  rerard 
to  which  I  shall  have  again  to  refer  lo  the  Inhours  of  M 
Toussniiit.  First,  however,  I  mu»t  iilluite  to  the  work 
some  of  my  own  counlrymcn.  In  KInrch,  1878,  an  experi- 
mutit  wnx  mnili;  at  the  llrown  liiitlilution,  at  the  8UR;;estioii 
of  Dr.  Uurdon  Sanderson,  of  tnoculatins;  a  calf  with  the 
blood  of  a  guinea-pif{  which  had  died  of  splrnic  fever,  which 
is  Gxccedingly  f»tal  to  rodentia.  The  rcaiill  was  that  the 
caif  took  th«  dixvs*e,  hot  in  »  mild  form,  and  recovered 
from  it;  and  a  similar  fact  was  observed  in  two  heifvrt 
treated  in  the  same  way.* 

This  line  of  inquiry  has  since  been  followed  up  hy  Dr. 
Sanderson's  stirceMor  at  the  Bruwn  liij.titiilioii.  Dr.  Green- 
fitrld,  with  a  view  of  asciertaitiing  wla-lher  the  milder  fnnn  of 
the  disiase  in  cattle,  rcsullinif  from  inoculation  with  the 
blowl  of  roduiitift  affected  with  it,  ronfets  upon  the  cattle 
immunity  from  the  complaint  in  its  fainl  form;  or,  lo  use 
again  M.  P4Steur's  exprciuiion,  whr-ther  the  cattle  have  been 
vaccinated  with  reference  lo  anthrax.  And  I  have  Rrpiit^^ 
picnsure  in  being  able  to  inform  the  Section,  by  Dr.  Grepn'S^ 
fii-lfl's  {icrtnifi»iun,  that  the  quesiiou  has  bt-eu  an^wrrwl  in 
the  alHrmittivei  and  that  one  bovine  animal,  inoeulated 
seven  months  ago  with  virus  from  a  rodent,  has  proved 
jieelf,  on  repeated  inoculations,  entirely  incapahte  of  con- 
IrHCling  splenic  fever,  reinnininf;  free  ^m  either  comtitu- 
tional  or  local  mnnifrNlati'in*  of  it. 

And  now  to  rvturn  to  M.  TouKMntnt,  who  lias  made  obser* 
vationa   with  regard   lo   this  same   subject  of  v«cciiiutii>n 
agaimt  anthrax   fraught  with    the   very   deepest    interest. 
The  queatiim   an»c«  with  rcj^rd   to  efffctivc  raccinntioti 
using  the  term  in  Pasteur's  grTieral  sense:   Is  it  rtAcnii 
that  micro-organisms  should  develop  iii  the  blood  of  t): 
animal  in  which  immunity  from  further  attacks  of  tbe  dt 
eai«  is  to  bv  svcuri-d  1     Or  is  it  possible  that  the  »ecessnr_ 
iiifiuence  upon  the  system  may  be  exerted  by  merely  rhcmt 
cal  products  of  the  growth  of  that  organiim  in  Mim<!  nth 
medium  i     With  the   view  of  approttthin^  the  soluiiuu  u 
this  ifueitiou,   M.  Toussaint  has  performed  experiment 
injecung  into  the  blood  of  healthy  sheep  blood  Ukon  fru 
nn  animal  affected  with  splenic  fever,  but  drprlved  uf  ih 
B<ic\Uu$  anthracii.     Taking  blood  from  a  sbt-up  just  op  lb 
point  of  di-alb,  when  the  bacillus  has  presiininltly  prtidncfi 
nil  its  (wSMble  pffi-ct  upon  the  vital  fluid,  M.  TouMuini  pr" 
ceeds  to  deprire  U  of  tbe  living  bacillus  in  ritbnr  »f 
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by  (Icsiroying  Oie  vitnlity  of  ilie 


I 


waya — by   Glimton, 

iiTKiinisfn.  Tlie  forMier  he  eSWcIs  bv  niixiiiR  the  blood  wiih 
thr«-i'  «r  four  pHris  of  warrr,  nnit  then  pnHsing  it  tlirou^ii 
about  IwHvc  Inyi'T*  nf  orUinary  1illci-fM|'i*r.  'Ditt  luidllu^, 
in  con  sequence  of  it.*  Urge  iliineii^iniis,  is  entirely  rrtnined 
by  this  form  of  filter,  as  is  proTed  by  the  fact  that  the 
fiiiratc  no  longer  gives  risi-  to  the  orfpntxn  in  k  vuhivating 
liquid  or  in  »  living  tuiimnl.  Ni-*«rt]i<!lew,  if  iiijfH:tfr<l  in 
considerable  quantity  into  tlii!  circulation  of  a  healthy  she«{}, 
it  produces  a  (rue  vaccinating  influence,  that  is  to  say, 
Hrcnrvx  immunity  from  sjilenic  fever.  But,  what  is  furthi-r 
extremely  intriiintin);,  in  vrilvr  that  this  change  in  tlm  con- 
siilutiou  of  Ihe  shoop  may  Iw  brought  about,  the  Ia|>M>  of  a 
certain  tiuie  ia  essential.  If  a  vaccinated  sheep  be  inocu- 
lalrd  with  anthrax  within  a  few  days  of  tbe  ojieration,  it 
will  die  of  splenic  fever ;  bnl  if  from  twelve  to  fifteen  days 
be  allowed  to  ela{Me,  romplrtr  immunity  i»  found  to  havr 
Iweu  printured.  Similar  reaulta  fullotved  from  the  injeciion 
of  antbriix  blood  treated  by  Mr.  TouMaint'e  other  method, 
which  coHMsts  uf  maintainint*  it  for  a  considerable  time  at 
A  trmpcrntiirv  of  55°  C.  (131°  P.),  which  baa  the  effect  of 
killing  the  hucilln* ;  after  which  one  half  pi^  cent,  of  car- 
Uilic  acid  ia  added,  to  prevent  putrefaction  of  the  liquid. 
The  blfwil  treated  in  thia  way  having  been  proved  to  be 
free  from  living  bacilli  by  ne>!iilivi')  tpsiiUs  of  an  exficriment 
M|Hm  a  rixicnt,  aVint  four  cubic  ccnlimitm  nre  itiji-cted  into 
the  vrn<iU9  xy»lrm  of  a  Hlni^p,  with  the  effi^ci  of  producing; 
the  same  protective  influi-ncc  against  splenic  ft-ver  as  is 
ensured  by  the  filtered  blood.  These  experinteuis  are  still 
in  progress;  but  M.  Tou^isatnt  informs  inc  that  he  hiis 
already  ascertained  the  existviice  of  immnnily  a^'ainst  an- 
thrax for  three  months  and  a  half  iu  both  sheep  and  dog 
tTi-ated  in  ihiii  way. 

I  ueci)  hurdly  remark  on  the  snrpassin;;  importance  of 
ri'searches  such  as  these.  N'o  one  can  say  but  that,  if  the 
Jlritish  .Mcdieal  Awiuciation  should  meet  at  Cambridge  again 
ten  yean  hence,  Mome  one  may  be  able  to  record  the  dis- 
covery of  tlw  appropriate  vaccine  for  measles,  scarlet  fever, 
anil  other  acute  specific  diseates  of  the  human  subject.  Rut 
even  should  nolhing  more  be  ilFnrte*!  than  what  Kcems  io  Iw 
nlieady  on  the  point  of  aiiainment,  the  means  of  securing 
jHinllry  frum  di^ath  by  funl-chulera,  and  cattle  fiom  the 
terrible  destructive  »plenic  fever,  it  mn^ii  iie  niJmitloil  that 
we  have  an  instance  of  a  mo«t  valuahlv  reauU  frum  the  much* 
reviled  virihcctlon. 

hare  yet  oiut  more  example  to  give  of  reeearchei  id  this 
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«!(iniain  of  paiholog}';  and  ibis  also  has  reTerence  to  the 
Bacilltt*  anthracit.  The  invc^iigilor  in  this  iiistauce  i»  Dr. 
Btichiier,  assistant  phy»ican  in  Municti.  It  is  well  koown 
ihat  ih^BaciUui  anthracia  is  moTjiholofficall)-  iitenticul  with 
an  or^aniim  frequently  met  with  in  infueion  uf  h*y, 
which  mny  be  termed  bttf -bacillus.  Such  b«inj  (he  ca>e,  it 
oCAurrml  to  Dr.  Buchncr  thiit  thej  might  bo  merely  one 
antl  the  same  oi^Hiiivm  modiAcil  by  circumttancvu.  Fur  mjr 
utrn  pnrt,  I  >m  quite  prepared  to  bear  of  such  moiiirying 
iiitliii-tK^e  being  exerted  u|M>a  bacteria,  having  madA  iht? 
u))M>rvation  Eevera)  years  aj^o  that,  when  the  Baetmtim 
taetia  hail  b«cn  ctilitvati-d  fur  sunie  timff  in  unboiled  uriue, 
it  proved  hut  a  feeble  lactic  ferment  when  introduced  af^in 
intt  milk.  Its  power  of  producing  the  lactic  fetmenlutton 
bail  been  impaired  by  residence  in  the  new  metlium.  I  u  the 
ease  before  lis,  indeed,  the  phy»iologtcal  difference  between 
the  two  orgauixms  Hiti'mH,  at  first  !iigl)l,to  grrat  a.i  to  forbid 
the  idea  of  anything  otlier  than  a  epecitic  differenoe.  Th*| 
SaciUiu  tmthracu  refuiea  to  grow  in  hay*infusion,  in  which 
the  hay-bacillus  thrives  with  the  utmost  luxuriance;  anJ 
convefsely,  the  hay-bacillu*  u  utterly  incapable  of  growiik); 
in  the  blood  of  a  living  animal,  whether  intr(>diic4-d  in  small 
or  in  large  quantities.  The  hAy-bacillus  is  remarkahle  fbr 
its  power  of  re&islanre  to  high  temperatures,  which  ia  not 
the  case  with  the  BaciUui  anlhracit.  The  latter  isde«troyed 
by  a  very  slight  acidity  of  the  liquid  of  cultivation,  or  bj 
any  contiderabic  degree  of  alkalinity,  wherean  the  former 
•urvires  under  such  conditions.  Uoih  will  grow  in  diluted 
extract  of  meat,  but  their  mode  of  growth  differs  greatly. 
The  hiiy-bqcillus  multiplies  rapidly,  and  (Wins  a  dry  and 
wrinkled  skin  upon  the  surface,  whiti;  the  Baailiu  anthraeit 
produces  a  delicate  cloud  at  the  bottom  of  ihe  vesMel,  in- 
creasing slowly.  Nothing  daunted  bv  these  appsrenlly 
essential  difference*,  Dr.  Buchner  has  laboured  with  indo- 
mitable  perseverance,  by  means  of  experiments  carried  on 
in  Professor  Nageli's  laburatory,  to  solve  the  douhle  problen 
of  changing  (he  BaciUut  anl/iracia  into  hay-tMcillu*,  and  the 
converse.  Having  devised  an  ingenious  app.iraiua  by  whkh 
a  Urge  reservoir  of  pure  cultivating  liquid  was  placed  in 
eumniunicatioa  with  a  cultivating  veH;irl,  so  that  any  culti- 
vation could  be  drawn  off  by  simply  turning  a  stop>eoch,| 
and  further  cultivating  liquid  supplied  to  the  »rg«nisinji| 
remaining  iu  tlie  vrswl  by  a.  mere  iiiclinatian  of  the  apjia* 
t«in*,  lliichner  )iri>ceded  to  eultiviile  the  i»iil»ted  UntiUm  ' 
aniAracis  in  extract  of  meat  fur  several  hundn-d  >uccesaire< 
^iierntioDS.     As   an  early  result  of  these  ex|MirimenU,  he  j 
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foimii  that  the  ttacillua  lost  id  jjowvr  of  producing  disease  ia 
an  atiimal  iiiucuUted  with  it.  Up  to  tliiH  point  he  is  cou- 
tirmeil  by  I>r.  Greeiiliflld,  who  has  found  that,  wht-n  tbe 
Bacilius  anlhracu  is  cultivated  iti  iiqeous  humour,  after  about 
atx  gea«Tattui)«  it  loses  it*  iiifuctivc  prupcitf.  Then  a« 
Hucbuer's  fxporiineiiis  proceeded  the  appcaiatice  of  the 
RrowitiB  orgaiiiBin  was  found  to  undergo  gradual  inodifica- 
iion.  Instcnd  of  n  cloud  nt  the  bottom  of  tbe  vettsel,  a 
Brum  began  to  mnkc  itAiippvarittico — at  tint  grensy- looking 
and  eaaiiy  broken  u]> — coniilituting,  so  fur  as  appfarancea 
went,  an  intermediate  form  l^tweeii  the  two  or^aiiinm*  ;  aaiLi 
in  course  of  lime  the  scum  became  drier  and  brmer,  and  at' 
length  the  modified  Bacilltu  anthracia  wu«  found  to  be 
capable  of  growing  in  nn  acid  hay  infusion,  and  to  present 
in  ev^r^r  res|>ect  the  characters  of  the  haj'- bacillus.  Tbe 
converse  feat  of  changing  ibc  hay-bacillus  into  tbe  BaciUa* 
uMtfiracu  proved  very  much  more  ditiicult.  A  great  numhrr 
of  ingenious  devices  were  adopted  by  Buchncr,  who  wak, 
nevolbrless,  nonlinuiilly  biitlled,  till  at  taat  he  attnined  suc- 
cess in  the  following  mnnnvr: — Having  obiajnud  the  blood 
of  a  healthy  animal  under  antiseptic  precauiioiiH,  and  defi- 
brinated  it  also  antiseptically,  and  having  arranged  hia 
apparatus  so  that  the  pure  detibrinatcd  blood,  which  was  to  lie 
the  cultivating  medium,  should  be  kept  in  constant  move- 
ment, so  as  to  continually  break  up  the  scuin,  and  also  keep 
Ibe  red  corpu^les  in  pcr|i«tual  motion  so  as  lo  convey 
oxygen  to  all  pnrU  of  the  liquid — in  this  way  imitiiting,  to 
a  certain  extent,  the  condiuons  of  gtt>wth  of  the  Bavillua 
(tHMrocw  ouuide  the  animal  body,  within  which  the  hay« 
b^eillus  cfluld  not  be  got  by  any  means  to  develope — he 
proccdcd  to  cultivate  through  numerous  surc<^s>ive  genera> 
tiona.  A  transitional  form  soon  made  its  appearanci^;  but 
llie  change  sdvancud  only  to  a  limited  degree,  so  that  further 
progress  by  this  method  became  hopeU-KN.  The  moditied 
form  hitherto  obuiued  fnilod  entirely  tu  grow  when  injected 
into  the  blood  of  an  animal.  Uti  the  contrary,  it  was  in  a 
short  time  completely  eliminated  from  the  syatem,  just  like 
the  ordinary  hay-bacillus.  It  had,  however,  been  obKcrvcd 
hy  lliichner  that  K|H>reB  had  never  hren  formed  by  the 
bacillus  grwvring  in  the  defibrinated  bli>i«l ;  and  it  occurred 
to  him  that,  perhaps,  if  it  were  tiauslertcd  lo  extract  of 
meat,  and  induced  to  furm  spores  there,  the  modified 
organism  might  yet  gruvr  in  the  blood  of  a  living  animal. 
Tbe  cariyiug  out  of  this  idea  was  crowned  with  euceet* ; 
and,  by  injecting  various  different  (|tuintilirs  of  tbe  liquid 
coDUining  the  organism  into  differeui  individual*,  liuebner 
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Rt  length  )iiic«Pi.-d«il,  bath  in  the  mouse  «nd  in  the  rahMt,  in 
devi'lopiiiK  Iriif  HaciUus  an lhraci»  out  of  the  progenj  of  lh« 
luy-b»c-illua.  \Vheii  Ur^o  qunnlitir*  tvrre  introduced,  ihe 
tuiimal*  died  rnpidly  from  ihe  iiitM-eljr  chemit^al  loxic!  cBvrtB 
of  the  injected  li(|uid ;  but,  in  ai>me  inatauces  in  whii-li  ti 
smaller  amount  was  injected,  after  th«  period  for  these  pri- 
mary cflRi-ts  had  pnsHed,  a  fatal  disease  nupervened— attended, 
nn  in  anthrax,  with  great  milling  nf  the  spU-en,  ihv  hliwd 
of  which  wtt*  found  pi-oplcd,  an  in  that  afTection,  with  tiewljr 
formed  bacilli;  and  the  «pleen!>  affected  in  thiii  way  vttn 
funcid  to  comniuiiicate  anthrax  to  healthy  animala,  just 
lik«  those  of  animaU  which  have  died  oC  ordinary  aplei;' 
feiret.' 

Suppoiing  th«a«  rMutta  to  h«  truUworlhy  (and  the 
of  llu-m  ti«ars  the  atamp  of  authenticity)  1  ne«d  scarcW^ 
point  out  to  a  meetin);  like  the  prenrnt  their  transeendant 
i in)>ATtai)ce  a»  bcariiif;  upon  the  ori^pn  of  infective  diwAfto, 
and  their  mo«li(i cation*  as  vxliihitcil  in  epidrmlca. 

I  Irunt  that  these  examples  may  sulfii-e  to  CBtivejr  cor 
idea  of  the  work  now  guiiif;  on  with  reference  to  the  rcU 
tiuns  of  micrO'OrgaDisms  to  disease. 

Since  the  atldri^*  was  delivered  M.  Pa»teur  has  publiahe^' 
llie  method  hy  which  lir  priidiicc!i  the  "  attenuation  "  of  ihv 
virus,  or  in  other  word*,  the  (Mifrvhlptnriit  of  tbv  organism  of 
fowl-rhi>lera  which  fits  it  for  securing  immunity  from  the 
fatal  form  of  the  din-ase.     This  method  consist*  in  cultivate 
inK  the  organism,  pure  ami  nnmixeil,  in  chicken  broth,  lo 
which  access  of  air  is  permitted  while  dust  is  excluded,  and 
itimply  allowing  some  months  to  elapse  K-foro  it  is  employed. 
If  the  period   does    not  amount    to    more  than  ahout  tw(~ 
monthfi,  the  organism  retaitis  ita  virulence  little  abated,  hu^ 
if  the  period  is  rxiendid  to  three  or  four  months  it  is  fouuti 
that  animals  inoculatixl  with  the  organism  take  the  diseas 
hut  have  it  in  a  milder  form,  and  a  considerable  propoitio 
recover ;  aitd  if  the  time  is  made  still  greater,  as,  for  ei 
emple,  eight  months,  the  orxanism  has  so  far  lust  ilfl  patenrj 
that  thou;;li  chickens  inocuUled  with  it  still  go  tl)roii;^h  an" 
attack  of  the  disease  all  recover.     If  thr  period  is  siitHi-ienth 
prolonged,  ihnrc  comfs  a  time  when  the   nrgauism  i»  founi 
to  hare  loi-l  its  viratity  altogether,  so  that  it  will  no  lungr 
give  rise  to  new  derelopmeui  when   iotTtiduced  inlu  iri»| 
cultiTating  liquid. 

Id  conrideiing  by  what  agency  thia  eufeeblement  of  ibJ 
otgnnism  and  ultimate  extinction  of  its  vitality  was  brooglil 

'  See  '  llrbrj  fin  niinimnlrlkr  Rrsr»iniitJt   iln  Mibibraad 
lau  (lea  Ueupilleu,*  vuu  Unas  liucLusr.  Jiuuclua,  IttSU. 
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about  unil«r  the  circunutanc^s  referred  (»,  it  occurred  to  M. 
Pasteur  Ihat  it  might  perhaps  be  ibe  uxyj^eti  or  the  iiir 
mlmilted  lo  the  Tms>i)]s.  Oiygpn  i«  essential  tu  the  growth 
of  the  organum,  but  it  might,  ati  M.  t'iuteiir  lh»Ui;hl,  be, 
uevf^rthelesj),  tu  long-4:otitiuue<l  actiun  upon  it,  a  cause  of 
weakness.  With  a  view  of  testing  this  ideit  he  inxtilntvd  t-iilti- 
vatioas  of  the  baciprium  in  bruth  conlained  in  tube&partialljr 
filkt)  with  th«  liquii),  that  is  (o  say,  containing  a  certain 
|)ro|Kyrtivii  of  ihcir  volume  of  air,  but  scalcil  hvrmeiically. 
The  result  was  a  growth  of  the  organism,  inilicntt-d  by  tur- 
bidity of  the  clear  fluid,  attaining  a  degree  proportioned  lo 
the  amount  of  air  prcHrnt  in  the  tuW,  but  soon  coming 
to  an  end  when  that  air  was  exhausted,  no  that  the  little 
organism,  no  longer  growing  throughout  the  liquid,  fell  lo 
the  bottom  of  the  vessel,  leaving  the  fluid  again  clear.  Thft] 
organism  having  now  «xhiiiiit<>d  all  thv  free  oxygen,  was 
from  this  time  forth  presnmably  protected  from  the  inflneoco 
of  that  element,  and,  in  exact  accordance  with  M.  Paslcni'a 
theory,  it  was  found  that  no  matter  how  long  these  closed 
lubes  were  kepi,  the  organistn  relained  not  only  its  vitatiir, 
but  its  full  vituleuce,  as  lostt-d  by  inoculatiuu  of  healiby 
chickens.* 

These  facts  arc  certainly  fraught  with  the  deepest  interest, 
and  the  in<-dival  world  must  for  ever  remain  deeply  indebted 
to  M.  Pasteur  for  eliciting  them.  Doubis  may,  however,  he 
entertained  rei^aidia);  the  interpretation  of  the  phenomena. 
Tbtis  Dr.  Green&eld,  whoMtown  reaearches  have  hail  s|M;cial 
ref«fencv  to  the  modifying  influence  exerted  upon  bacteria? 
by  the  medium  in  which  they  grow,  has  thrown  out  the 
suggeslion  that  ihe  enfeeblement  of  the  urgvnisms  of  fow) 
chulera  grown  with  free  access  of  air  may  be  due  to  allera- 
(iuns  io  the  fluid  which  they  inhabit  rather  than  to  the 
effect  of  oxygen  upon  them.  When  free  accest  of  oxygen  ia 
{M-n»ttted,  the  orxanism,  he  copitend?,  will  continue  lo  grow 
ttll  all  the  Diaierlal  suitable  for  iu  nutrition  is  exhausit-d, 
and  as  the  nutriment  becomes  ilefecti^o  the  progeny  will  be 
feeble.  At  the  same  time  this  exhaustive  development  of 
the  irrgatiism  will  be  attcuded  by  the  M\  measure  of  {MMible 
nlleraiiuii  in  the  quality  of  the  liquid  which  the  growth  of 
the  organism  can  effect,  and  this  alteraiion  will  naturally 
involve   the  prodaciiun  of   substances  which   may  exert  a 

Iitejnilical  inlliicnce  upon  the  oigauism  itself.  On  the  other 
land,  the  liucterium,  when  growiiTg  in  a  sealed  lube  with 
limited  supply  of  oxygen,  bus  its  iletelupmeut  biou|jht  to  a 
Bland  by  the  exhaustion  of  that  ga.*,  while  the  organism  is 
•  8oc  '  Couptet  Beada*,'  SClli  Oct..  1880. 
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in  full  iricear  mad  in  »  iidi  bat  ^ghlly  dunged  from 
origimil  wbolMOOf  cBdJilian.  ItthiaMwina  like  a  rigorvua 
seed,  nmij  ta  ttnt  into  «a«igitk.  fiwA  wheo  tbd  cod- 
ditiiMM  ftc  ita  gCTi— litwi  ur  wipylwd.'  Th*-  essential 
«li8iFm>r«  btweMi  tk*  two  views  nay  be  Mated  (bortly 
ihiux  M.  Paataar  Rfnda  •>?!"■  ■•  adaw  paiaon  of  the 
baotariam  :  l>r.  QnaifiaU  wiks  te  dM  dew  paiaon  in  the 
pndaett  of  tba  faiwinmiw  aycy  af  iW  mBaaim. 

Tba  tiaa  «Udi  baa  •■«•■  auea  ike  deltvcir  of  ibis 
aiil«li«a»,  baaVraogbt  m(  tela  wbach  bavc  W  M.  Tomaaint 
to  lake  a  diSemat  vww  af  tbc  astnc  af  dw  Kqnd  used  in 
hit  "  ■racanwiiat "  ayauMK  aihi«K  abaw  wfawd  lo.  In 
a  Irtter  wb*eb  he  had  tte  UaiDew  la  write  Is  «r  dd  the 
aabfMK,  ha  iideisa  Me  Aat  aa  twa  dtfciwii  wwrawent  in- 
jeetMCM  of  «atbi«K  biaad  laaaied  h;  •■•  «f  kk  ■eihada  baa 
led  to  iba  deaik  af  tba  amamai  bnm  aadnn ;  aod  in  ooe 
iaataaee,  a  auatlar  n^eeciaa  tad^ad  •  laeal  a&etioa  wbicfa 
appaai«d  le  ba««  tbe  cbaracten  of  ■aK^aaiil  paaiiilc-  Be 
haa  bmca  been  lad  ta  the  eaadaaaw  tkas  ika  difcaaed 


Uood  ueated  by  bic  »etba^ 
to>baMa»J>ft«  bmm  tba 
wauritMut  an  "aUMmtted' 

Tbaa  il  woaM  appear  that  the  ab 
TaaaMtM,  sad  GtMifieU. 
taflvenoc    te  ft 


^Jt:£ 


Aitba 
wbick  Mad  M  iaadh 
b^- 

wtth  aatbsax  ta  tba  latt 
tbe  iHwawi,  net  anty  an  tba 
bat  tbir  Unba  '*4"?  r~'V'  iMMaaiti-* 
been  aaaenaiBad  by  elhate,  tachwiag  Dt. 
iW  blaod  and  timtmtti  iba  faiM  rf  aa 
airtkiaa  eanltia  aa  barfll^  wbj^  ihaat  «f  i 
WHb 


bcaa  ea  tB^fley  pamao 


Futber,  II  ba> 
(na<aiiU,lbat 
dyiacaf 
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OBSBXTATiOKa  and  Replkctio\s  on  the  Appkxdages  and  en 
the  Nbkvucs  SV!(TEM  0/ Apcs  CAXcniroxMls.  Bjr  1^. 
Ray  Lankkhtkk,  M.A.,  K-R-S.,  Jodrell  Profestuir  of 
Zoolofcy  iu  Coivemty  College,  London.  (Wiih 
Plate  XX.) 

Apos  CAMCSiroRHis  U  ID  mnny  rcspccU  ono  of  the  most 
important  of  the  Cnistac<r«.  Not  onlj'  i.i  it  of  oxccptioDallr 
larcc  UBc  for  on«  of  the  Kiitomostraca,  and  thoreforn  miittil 
to  auatomiRal  iuTestigatiou,  but  it  possesses  peculiarities  of 
oi^uisation  which  mark  it  out  (together  with  its  immediate 
coQgenen,  the  Phjllopoda)  as  an  archaic  form,  probably 
BUndiog  nearer  to  the  extinct  auc«stora  of  the  Crustacea 
ibaa  any  other  living  members  of  the  group. 

The  abnost  wnrta-widc  distribution  of  the  geous  Apus 
(GreenlsQd,  Tasmania,  New  ZcuUud,  Australia,  Europe, 
North  America,  Wcat  Indies,  A iTghatiisUn,  Chiiin),  and  its 
frcsb-water  habit,  teud  to  coutirm  the  coiiclusiou  as  to  its 
high  nntiqaitjr. 

But  it  is  not  only  for  such  reasons  tbat  Apus  baa  claima 
on  our  special  atteotioQ.  Its  great  abnodancc  in  certain 
localities  renders  it  espcciiilly  »nititblo  for  study  as  a  type 
or  standard  of  the  organisntioti  of  tlie  lower  (.'ruxtacea,  and 
it  b  OD  this  account  enjxtcially  to  be  desired  that  au  accumlu 
aoconnt  of  ita  structure  should  be  accessible.  Strange  as  it 
ap(tears,  it  is  yet  the  fact  that  such  an  account  docs  not 
exist,  and  that  recent  writers  of  authority  have  tjivcn  diver- 
gent and  crruneotia  accounts  of  such  prominent  features  in 
the  ■tmctnre  of  Apua  aa  the  antennej  jaws,  and  thoracic 
appendaj^. 

In  18(1  E.  G.  Zwddaeb  published  a  memoir  entitled  '  Dc 
Apodia  canerifomiis  nnatDmu  et  historic  erolutionis,'  which 
is  a  tnoat  carefully  worked  out  and  a<lmirably  illustrated 
nODograpb,  worthy  to  be  placed  alongside  the  similar  studies 
of  Arthropod  anatomy,  which  wcro  produced  at  about  the 
same  period  by  George  Newport. 

ZtuliIiLch'x  most  valuable  observations  refer  to  the  internal 
anatomv  and  to  the  development  of  Apus  from  the  egg,  but 
the  problems  relative  to  the  murphuli^gy  of  the  appcudagca 
and  the  reciprocal  rcIatiuushipA  of  the  great  groups  of  Ar- 
thropoda  which  now  occupy  attcutiou  had  not  iu  I8il  come 
into  prominence,  and  accordingly  ve  do  not  find  his  observa- 
tions upon  the  various  appendages  altogether  etiual  in  value 
Ui  the  rest  of  his  work. 

Since  the  date  of  Zaddach's  monograpb  ttie  only  writers 


zu 


FRoraasoR  s.  ray  unkkstkr. 


whom  it  ia  necessary  to  cite  who  have  dealt  with  tbe  str 
turc  of  Apuft  &rc :  Grubc  ("  Urrmcrkntigcn  iiltcr  die  fhylH 
podcii"),  ID  tU«  *  Arehiv  f.  Nnlur^.,'  1H5-3 ;  Baird,  in  lij 
'  Rritiah  Biitoinostrsca,'  Kay  Soo.,  IHAO;  CUua,  in  a  paf 
piibliHhed  in  the  'Gotlingcn  Abhandlun^^cn,'  vol.  xviiJ^ 
1873,  eniitird  "  Zur  KcDtitiRa  dcs  Raucn  und  dor  Kiitwii^- 
liing  roi)  Braiichipua  sLnj^uuliit  uiid  A|iu»  cnncrilormis  ^ 
iiuxlfiy,  it)  bis  '  Anatooiy  of  [nvcrtelirate  Animals,'  )S7| 
p.  281  ;  Gcrataccker,  in  Broim's  '  Classen  mid  UrdnutiKen 
dca  Thit-rrcichB,'  "  Cnistaijcii,"  p.  860,  &c.,  plates  xxx,  xsxii, 
1879;  and  again,  Claiin,  in  the  laat  edition  {now  iu  cuurM 
of  publication)  of  hia  '  Uaudbuob  der  Zoologie,'  p.  u'J?, 
1880. 

ilaving  maite  n  careful  examination  of  the  appendages 
of  Aput  rancriformia,  of  which  I  ba*e  recpirral  numcruiit 
•peciineua  frum  tbe  uei|;bbourbood  of  Munich,  fn)m  Prng, 
and  ftx>n)  Fadua,  through  tbe  kindness  of  Profeasor  vou 
Sicbold,  of  Profeuor  Frtex,  and  of  Professor  Pavesi,  respee- 
tivvl/,  as  aliio  of  a  apeuimcii  of  Apus  Duiii  from  A  Ifghanisian, 
whieh  I  owe  to  thu  kiiidncK»  of  Surgeon-Major  Day,'  1  was 
aurjinfted  to  tind  that  neither  Zaddaoh  nor  any  one  of  (lie 
authors  above  cited  gives  a  full  account  of  llieiie  nlrueturvs. 
Moreover,  1  found  my  rr»ults  to  Ik  at  rarianee  on  one  or 
more  important  points  with  tbe  sUlcmcnts  of  each  of  my 
prcdeceaaora,  who  alao  <litri:r  from  one  another  a«  to  the  in- 
terpretation of  some  portions  of  the  aeries  of  limb*. 

Tbe  most  complete  set  of  figures  is  that  given  by  Frofeator 
Gcrstacckcr  of  the  appendages  of  Apu»  produetia,  which  are 
incorporated  with  reproductions  of  the  figures  of  Zaddacfa, 
Clans,  and  Brauer,'  in  tbe  plaiea  of  faia  ntuahle  treatiae 
on  "Croataoea"  (Bronn's  '  Thicrreich '). 

These  original  drawings,  and  the  iuterprctation  put  upon 
tbem  in  the  eKplanation  to  the  plate,  appear  to  me  to  be  ao 
inaccurate  that  I  think  that  my  sketchea,  reprixlueed  in  tht 
(ilatfl  ( Flaic  X\)  accompanying  this  paper,  and  the  ftilluwing 
obscrvationa,  may  be  found  of  value  aa  a  contribution 
towards  a  true  history  of  tbe  "  Krcbsartigc  KivfeifuRs"  at 
fichaeffer. 


DcRCRimoN  or  tuk  Afpendaoxs. 

Tbe  modified  limbs  or  lateral  appendages  of  Apua  maj'  be 
divided  into  four  series,  according  to  their  positiuu,  viz. — L 

*  Thn fatal,  rMentlj ilescnbed  bjUr.  Utf, upttiinptWie d- UiMaJoftun 
tilrA  u>  GvrkUctka'i  ua. 
'  'Situagsbet.  dec  Alad.,'  Wii».  Bd.  Lui. 
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Two  pain  io  lioot  oftliti  moaEfa — "  pneoni  appeadBges."  3, 
Three  pain  of  jaw-iogs,  more  especially  related  to  the  pur- 
poacaof  tbe  moiith  hj&w:^,  unil  immediately  Ibllowing  it — 
"onl  «pp(-»dagC9."  3.  Elerea  pRin  of  rariouslv  mwliAed 
but  csaeotially  locomotor  legx, placed  otic  ou  cachoitbeejeven 
iHtdr  segments,  in  Tront  of  and  iiiclu«ire  of  the  RCgmoiit  car- 
rying *'"'  genital  apertures — "  thoracic  appcudagcs."  4. 
Kifty-t«o  {tain  of  locomotor  le^,  gradually  dimitii*hiRg  in 
lise,  and  |M»terior  to  the  genital  apertures  (lc&!i  numerotu  in 
incomplciciy- grown  spccimrus) — "  alHlomiiial  appeudages." 
Tbcy  nrc  more  numerous  than  the  nnnulations  of  the  integu- 
ment uf  this  region  of  the  body,  which  arc  oulr  scvcutcen  iu 
Btimber,  tnil  they  correspond  in  number  with  the  ^oglionic 
enlargement*  of  the  nerve  cord.'  There  are  ruuraonnlations 
of  the  body  posterior  to  these  appendajnee,  and  devoid  of  a 
continuation  of  tbc  nervous  axis,  as  well  as  of  appendages. 
A  fifth  post-pedal  segment  is  perfi^raicd  by  the  anns,  and 
carries  a  pair  of  joiiit(.-<l  setose  appendages,  irhich  may  or 
may  not  be  cqtiiralents  of  the  legs  of  the  anterior  region. 

The  two  pain  of  appntda^s  in  front  of  the  mouth. — lioth 
these  pairs  of  appendages  are  of  small  niw! — relatively  very 
mnch  smaller  than  they  are  in  the  newly-hatched  Inrra. 
The  second  )Miir  is  much  smaller  than  the  first,  although 
io  the  larva  the  rcverso  relation  obtains.  Sloreover,  the 
tecond  pair,  like  the  first,  arc  simple  hlameiitoiis  tactile 
organs ;  nlthuugb  in  the  larva  tbev  arc  powerfut  biramose 
sirimmtiig  legs.  In  the  adult  Apus,  thcrerorc,  not  only  with 
reference  to  their  homology  with  the  corTes[K>nding  apneu- 
dagesof  the  lobster,  but  also  in  vieir  of  their  function,  these 
tiro  pairs  of  ap)teudage3  are  entitled  to  the  names  anten- 
uiilcs  (Iflt)  and  autcnnie  {2nd)  rcspociivcly. 

It  apgic.-irs  to  be  deiirnblc,  in  or<lcr  to  arrive  at  true  eon- 
clnsions  wiib  regard  to  the  homulugics  of  tlic  limbs  of  the 
ArthmiKMia,  to  nhandou  nitogctlier  the  u«e  of  such  torma  as 
"  antenna,"  "  mandible,"  and  "  maxillijwde,"  as  homologica) 
caiogKrics,  and  to  apply  them  merely  as  deMriptivc  terms 
proper  to  the  particular  case  under  examination.  In  the 
on II sid'' ration  of  bomologies  the  sppeudsges  should  be  re- 
-%  6rst,  tecund,  third,  aud  eo  forth,  without 
I  Ti   of  terms  ealculuted  by  their  reference  to 

fuueiion  to  prejudice  the  argumcut  as  to  homology.  The 
first  apiKTudage  of  au  Arthropod  .\.  may  In;  bomulogiuis 
with  fur  hiiini>iteuDus  with)  (he  first  appeudage  or  with  (he 

'  l>uJj -lings  cntrj  file  puirs  of  lcg»,  ihe  nett 
;  ncxl  Tour  lIurlMD,  liu  lut  Gvu  kg-beaiing 
ij-iiu^t  t-ijsi  L  s  B«atljr  as  csa  f)0  ^ttiiiiatvd. 
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second  or  third  of  another  ArUiro|)od  B.,  ami  so  on ;  hut 
ambiguity  is  incritshly  Jntroduoeil  if  vfi  attempt  to  iadtcxte 
this  liomology  by  the  nse  of  such  terms  as  aatennulc  and 
antenna,  to  m:  applied  in  lioth  cases  alike,  for  in  such  cases 
as  the  parasitic  Copepoda,  the  rariouB  Aracbnida,  and  the 
living  and  fossil  branchiate  scorpions  (Mcrostomata),  then 
dcfloriptiTe  terms,  and  others  liku  tlicm,  ore  found  to  be 
absolutely  contrary  to  fact  in  their  implications,  and  in> 
volvc  also  ilchatablc  axNUinptions  in  reference  to  anoestnl 
primitive  form*. 

The  first  pair  of  appondaRes  of  Aptia  cancrifontm  may, 
therefore,  be  described  as  functional  antennte.  Each  coa> 
nista  of  two  segments,  separated  by  a  joint  or  soft  ring  of 
the  chitinouA  cntidc,  which  allon-H  the  nendjng  of  one  joint 
ujwn  the  other  ;  biit  there  does  not  appear  to  be  any  ranscnUr 
iMQd  entering  the  appendage  in  the  adult  Apus.  A  variable 
onmber  (two  to  four)  of  sctw'  arc  set  upon  the  free  cud  of 
the  appendage. 

The  tecond  pair  of  appendages  is  also  antcnniform.  Each 
consists  of  a  tingle  filament,  the  hasc  of  which  is  attached 
to  the  under  surface  of  the  head,  not  far  from  the  tirst. 
The  filament  i*  stronglv  curved  but  possesses  no  joint,^  nor 
does  any  rouscalar  fi^re  penetrate  its  axis.  It  tapcn 
towards  its  free  extremity  which  is  sctiform.  Its  total 
length  is  about  one  third  of  that  of  the  first  pair. 

In  the  adult  Apua  canrriformis  and  in  Ap«i  Dukii,  from 
Affghaniatan  (?  A,  Himalayatnii),  tliis  second  {uiir  of  pneovtl 
appendages,  aIthou$;h  reduced  to  a  rudimentary  condition,  ii 
always  present,  so  far  ns  my  observations  go.  1  have  found 
them  always  present  in  full-grown  specimens  of  Apus  can- 
crifarmit  from  >[unicli,  from  I'rag,  and  from  Padua. 

Their  existence  in  the  adult  has  recently  been  denied. 
Zaddacb  states  that  thev  are  generally  absent  in  A.  cetteri- 
formia,  but  were  found  by  bim  in  two  cases;  Huxley  states 
that  he  was  unable  to  Gnd  them  in  Aptu  glaciaiU  examined 

'  Tie  acta  o(  Cnutson  sre  in  diUinct'on  TrORi  the  briUioi  of  t'bwIopQdf, 
wlueb  are  alto  often  called  "tcltc."  xnptrflcisl  NOlooniiain  of  (Iw  eoa- 
tisuou  cKltinou  rallde  which  t*  prodaocd  b;  ttie  epJMtinu,  aail  an  nirt, 
M  an  tbf  briitlsa  of  Chntopoda,  mned  io  opsa  or  doicd  foUUet  each  m 
Uie  ontinbr  etcrMoaiws  of  ens  iMtttlisei  omI  of  the  epMara.  It  «n<tU 
I*  well  to  dUiiaBuUh  the  foUieU-ioroMd  >et«  of  CbnUipMU  at  "  tkKtm  " 
or  "  flbwtiiBtw." 

'  &  OMnparisoii  wild  Zaildseii'i  md  Clmxi'*  Gguns  of  A|iiu  torml 
lltn  mGduMo  (bal  (be  part  tS  tba  Uml  sccomI  at.U-ki  .  nbkb  Ibi 

''4  bSM  anil  tborl  prt/rrmal  nmiii  (r>  ,  cUilc  nor  cnJn- ' 

*I1  hnDDit  lhi»  latmmg  Ibe  lar^r  i  ?  Ivvol  utcns 

|i).>an  io  Mtropby  ootnpletel;. 
« 


■  tmM^y 

and  Ions: 

A.  rifirffrT 

DO  oripml 

•tber  the  fin*  vi 

Bnei  ki»«ifto  yW^tfcg  "■"■'■' "f  3 

matter  of  sane  i^artiaei^  lad  ta  ^i 

or  sbmn  of  thr 
mtoot  ia  icbtBOB  to  the  euttditiuaof  tkat 
DOToas  ■jvtesi  br  vUefc  tber  akMU  be : 
ia  tbu,  tboosh   rafineotan-,  tbe  aeooiid'patr  of 
upendacc*  (aoctUed  ■ntifnwr)  ■>  preieat  in  the  adalt  Apos 
oc«t  IcMt  tvo  flpecitt- 

Abda»ia*l  aff  fa|Bi:  aypadsfw  behind  U«  gvnerMtTt 
^ertsns — It  ml  be  moit  oanrcaiait  to  p*M  next  to  the 
dnenpboD  of  this  groitp  of  tmfaitigeB,  met  ibey  appear  to 
present  the  leMt  qiecialiaed  form  of  the  whole  »erie«. 

It  hMM  been  eofltomarr  to  regard  the  higher  Podophthal- 
mata  a*  a  standard  for  the  morpholoKT  of  Cnuiaoeaa 
appendaga,  and  to  interpret  the  parts  seen  in  other  &tia- 
taecft  by  reJereoce  to  them,  and  to  apply  to  thow  part*  the 
analf  lis  indicated  in  the  terms  protO[>ud[tc  (including  ooxo* 
podiio  lod  banpudite),  endopodite,  exopoditc,  and  epipodite. 
When,  howcvcj,  the  (luesliou  ii  looked  at  from  the  point  of 
view  of  cTblDtioual  morphotofj,  there  appears  to  be  no 
ground  for  expecting  that  the  aoalpis  applicable  to  the 
fecial  adaputtoas  of  the  Podophthalmata  sliontd  also  be 
applicable  to  the  lower  Crustacea,  am)  it  will  be  best  to 
conxidcr  the  parti  of  the  appendages  ol  Apus  nx^rcly  in 
rcfercooe  to  on«  another  and  to  the  appendages  of  elos«ly 
allii'd  fomm,  deferring  for  the  present  the  consideration  of 
tlie  homologies  or  agrcemcms  of  theae  parts  witli  those  of 
Videlv  separated  forma. 

Tntinc  tlic  first  post-genital  appendage  of  th?  right  side 
fsevciitcetitli  iif  the  wliulc  series},  wc  find  it  to  lie  a  Iruf-like 
pUte  attached  bjr  oue  cud  to  tlto  body,  ao  that  iu  lUl  sur- 
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face  is  Tcrlicnl  to  the  rentral  tarrace  of  the  animkl,  and 
right  niigleH  to  the  nntero-poslerior  axis.  It  it  provide 
vith  iiutncrou*  lanielUrorm  proccdset.  The  mcdiaa  portiti 
muy  \te  spoken  of  a»  the  Axis  or  corm,  whiht  the  procene 
may  be  called  "phvllites"  or  "npophvKe*,"  tliosc  range 
alouK  the  ventral  or  neiirnl  bonier  of  the  eorni  IxHng  calic 
"enditea,"  and  tho«c  giren  off  from  the  dorsal  border  being 
called  "  exiteii."  There  are  six  enditea,  and  two  exite*  mneh 
larger  than  any  of  the  eiidites,  whilst  in  ^nt  of  {distal  to) 
the  two  large  cxitcs  is  a  less  strongly  market]  ODti:roiTth  of 
the  corm,  which  it  will  be  conrenirnt  to  call  the  "tub-apical 
lobe."  The  eorm  is  devoid  of  •egnimtalion  or  jointing,'  its 
cbitinous  cuticle  forming  one  coi:tiriitoits  inreatinent  to  it; 
and  moreoTer,  no  mnseles  are  inserted  into  the  corm  in  sueh 
H  way  as  to  cause  it  to  bend  Dpon  it^lf,  and  so  call  into 
existence  functional,  if  not  structural  joints.* 

The  cuticle  is  thin  at  the  base  of  the  corm,  where  ii 
becomes  continuous  with  that  of  the  ventral  surface  of  the 
body,  and  the  movement  ujwn  the  joinl  >o  eon*titut«d  is 
provEded  for  by  powerful  muscles,  which  enter  the  appendage 
and  are  inserted  into  its  walla. 

Of  the  six  cnditet  the  proximal  is  somewhat  isolated  and 
pushed  towards  the  middle  line.  Its  surface  la.  boset  vith 
powerful  seta:.,  and  it  clearly  has  the  function  of  assisting, 
oy  means  of  apposition  to  it^  fi-tlow  of  the  opposite  side,  iu 
seizing  aud  moving  particlejt  which  niny  be  introduced  into 
the  moutli.  It  is  a  jaw  process,  and  mav  he  spoken  of  as 
the  " gnathohast."  ft  is  a  fact  of  uo  liltfc  sigoilicaRce  that 
a  gnathobase  is  developed  on  evcr^'  one  of  the  sixty-three 
postoral  appendages  of  Apns,  especially  when  wc  remember 
that  a  similar  feature  is  chi«racten»t)c  of  Limulus,  tlic  most 
archaic  rqirwontativc  of  the  Arachnids. 

The  Kiiathoba^c  of  the  appendage  under  conoid  oration  ia 
provided  (as  is  the  rule  throughout  the  whole  series)  with 
powcrihl  special  muscles  inserted  into  the  corm  (see  figure), 
but  it  is  uot  possible  to  define  any  arthrodial  thinning  of 
the  cuticle  which  marks  it  ofl*  from  the  corm  as  a  distinct 
aegment. 

'  Zaddftch  dtscritiM  the  corm  u  three  .join  ted,  snj  Huxlej  statu  that 
ia  Jpmolacialiu  il  CQuitiiils  of  coxupudito,  haiipadilc,  imcl  i9i'bi(>Bodile.  1 
canaot  find  suy  evidence  of  (bene  jolulo  in  tin-  ineoimcm  iinthcd  br  me 
ia  any  of  Ih*  s^pcada^s  excepting  the  &ni  two  or  the  thorscic  tttita'. 

*  Sach  fanotiooal  ioints  unt  innirfitcii  bj  any  thinning  of  lh«  chiliMus 
calicic  to  fnnn  sn  stlbradinl  mcmbmnc  nppoar  la  exitl  at  the  hue*  of  ininT 
of  ilie  phjllitcs  iu  lioilii  from  varioin  pari*  of  tlic  Loii»,  and  aro  indicated 
bv  llt»  intertioDt  of  the  nm&clcs  in  the  appciulni;;*  ol  various  cmsllicean 
^auplil,  as  ivell  ns  in  thojo  of  the  remiirknble  llotifcr,  Pcilnlton. 
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On  aecoDnt  of  its  possessing  moscles  capable  of  moving  it 
upou  the  coroi,  the  gnatbobase  may  be  ciistin^ishod  from 
such  out^oirtbs  of  the  corm  as  arc  devoid  of  muscles  or  not 
jointed  at  their  base.  Such  ootgrotrths  or  apopbyses  pro- 
Dablj  are  pliflogcneticAllj'  aotectxIeDt  to  outgrowlb'*  ca]iab1e 
of  fleiioD,  or  actually  jointed  at  tbeir  base ;  accordinglv,  the 
•iupler  early  condition  may  be  indicated  by  the  term  "lobe," 
whilst  the  later  Bexible  condition  is  indicated  by  the  tvrm 
"  artbrite." 

Mere  lobes  tend  in  various  regions  of  the  arthropod  body 
to  become  arthritcS)  cy.  tlic  spioes  on  the  abdominal  cara- 
pace of  Limulo*,  or,  again,  the  carapace  of  some  Entomo- 
•tnca  and  the  wings  of  iusects. 

Further,  an  arthrite  may  be  monartbron!),  or,  aa  we  shall 
aee  eiemptified  in  other  appendages  of  Apus,  may  become 
polr  arthrous. 

The  four  enditcs  distal  to  the  gnathobasc  arc  oval,  leaf* 
like  bodies,  of  which  the  proximal  is  somewhat  broader  than 
the  others,  and  is,  by  exception  in  thin  and  other  appendage* 
of  the  poat'geiiitai  region,  devoid  of  a  special  muacular  sup, 
and  therefore  in  the  condition  of  a  lobe  instead  of  an  arthrite. 
The  three  apophyses  distal  to  it  (3,  4,  5)  are  true  artbritcs, 
each  being  connected  at  its  base  with  a  muscular  slip,  which 
twites  with  its  fellows  to  form  a  powerful  muscle  traversing 
the  corm  and  inserted  into  the  body  wall.  The  arrangctneat 
of  eettt  on  these  eoditcs  is  characteristic,  and  is  best  under- 
stood by  reference  to  the  figures. 

The  dittai  tndUe  (G)  is  much  larger  thau  the  preceding, 
and  is  attached  at  the  point,  which  is  practically  the  apex  of 
the  corm.  It  spreads  both  Tentmlly  and  dorsally  from  its 
point  of  attachment,  so  that  a  dortal  process  may  be  distin- 
goiahcd  from  a  ventral.  It  is  provided  with  a  muscle  div 
linct  from  that  of  the  other  endites  which  traverses  the 
oorm. 

Next  in  order  we  come  to  the  sub-apical  lobe,  which  may 
be  regarded  either  as  the  termination  of  the  axis  of  the 
corm  or  as  the  distal  lobe  of  its  external  or  dorsal  border. 
In  the  appendage  under  description  (the  first  post-genital), 
the  subapical  lobe  is  exceptionally  large,  but  it  is  here  as 
always  a  lobe — devoid  of  muscular  supply,  and  not  iu  any 
way  jointed. 

PMsing  ffiidward  along  the  dorsal  border  of  the  limb,  we 
oone  to  the  largest  of  aU  the  outgrowths  of  the  corm — the 
tectmd  exUe  (counting  the  proximal  aa  the  first)  tbejhieUum 
or  fan. 

It  has  been  usual  with  authors  to  speak  of  this  ezitc  as  a 
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brftnchia,  and  to  dittrnguish  it  from  the  next  cxitc  m  tho , 
"  lamcUiform  branchiu,"  whilst  the  latter  w  termed  tl 
"bottle-Hliapcd  brauchia."  Bat  tho  fact  is,  that  it 
possible  with  justice  to  attribute  a  rMpirntory  function 
an^  such  broad  lamcUiform  structure,  although  it  maf 
have  other  impurlaut  ftiiictioiis.  The  flabellum  is  morcd 
by  thrcu  muscular  slip*  arising  from  the  corm,  and  is  first 
of  all  a  swimming  or  fanning  plate.  It  is  more  highly 
developed  as  an  "artbrite"  than  auy  other  of  the  ont- 
(jrovrtbs  of  the  oorm.  It  is  somewhat  trianf;al3r  in  shape, 
attached  by  ouc  angle  to  the  corm,  and  has  «  setose 
margis. 

Thepnunmal  or  frst  exiie  is  cot  really  vesicular  although 
frequently  described  as  beinp  so.  It  is  somewhat  thicker 
than  the  flabeliuin — oval  in  shape,  with  a  Tery  narrow  and 
abort  pedicle,  by  which  it  is  connected  with  the  corm.  It  is 
devoid  of  setw,  and  not  prorided  with  any  muscles.  It  must 
be  regarded  as  a  "  lobe  "  (in  the  sense  above  defined)  ralber 
than  as  an  "  artbrite."  Throughout  the  series  of  limbs  where 
present  this  proximal  cxite  has  mucli  the  ssmc  shape,  it  is 
always  without  sctse  and  is  invariably  devoid  of  musenlar 
connections,  although  strongly  cmarginatetl  and  attached  by 
but  a  slender  neck  to  the  corm.  It  can  therefore  have  uo 
locomotor  function^  and  is,  in  virtue  of  negative  qualities,  Ih* 
branchial  outgrowth.  Ou  acoouut  of  its  passive  character, 
as  contrasted  with  the  active  fanning  llabcUam,  it  may  bo 
called  the  bract  (bractea—a  weather-cock). 

In  form  the  abdominal  appendages  which  follow  the  first 
po«t-gcnital  pair  agree  closely  with  the  latter  in  all  respects, 
eicept  in  the  reduction  of  tlic  relative  size  of  the  subapical 
lobe. 

lu  siu!  they  undergo  a  gradual  and  very  great  reduction 
BO  that  tbe  proportionate  size  of  the  last  of  the  series 
represented  by  the   small  fig.  13,  of  I'l.  XX.     The  whole 
appvndsgu  is  little  bigger  than  tlio  gnatbobase  of  tbe 
poet< genital  limb. 

Oerstaeckor'a  fignn!  of  the  tbirtieth  tmncal  appeodage  in 
AjHu  productaa  fhis  Fl.  xxx,  fig.  10)  apixiars  to  mc  to  i 
inaccurate.     These  minute  proccfses  are  easily  mutilated 
reniuring  them  from  the  body,  and  aucti  has  probably 
tbe  ca-te  with  tlic  appendage  figured  by  him.     The  "flah 
lam  "  appears  to  have  been  brokeu  away  iu  Gcrslae 
siiccimcu,  aud  what  he  marks  ns  ftahellum  (dr.)  is  m 
too  Bobapicnl  iobo. 

.itnormai  ap/iendtiffe. — Any  ahnnnn&IJty  inn  C'-'i-f"--"-' 
apiwtidiigc  is  of  interest,  as  ahuiring  poecible  diii 
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new  (Icnlopment  or  racurKnce  of  ancestral  conditions  of 
foriu.  lu  PI.  W,  Hg.  12,  ail  abnormal  Mprcimen  of  the 
fortieth  appeQtla|:c,  right  side,  is  dravu.  Tlie  abnorinatitjr 
coamta  ia  the  disvelopmeat  of  a  seoond  flabellum  nearer  tho 
base  of  the  corm  than  the  first,  and  this  is  acRonipani«)  hy 
an  almost  conipk-tc  r«ditctio»  of  the  bract.  The  additional 
flabdlum  U  much  iimallfr  than  the  norma!  one,  but  has  a 
similar  form,  auil  is  oiipptitid  with  a  niiiKCular  slip. 

Thoraeio  appendant,  or  appendages  at  and  in  firont  of  the 
gmiital  apertures  and  behind  tho  specialised  oral  appendages. 
— It  will  be  most  convenient  to  examine  theso  appeiulnges 
hj  proceeding  from  behind  fornanls. 

Oo»t«gopod». — The  {tair  which  arc  attached  to  the  segment 
in  which  tht-  genital  diict.t  open  in  female  vpedmens  of  Apus 
are,  aa  ti  well  knoirn,  mo<liEied  so  as  to  form  receptacles  for 
the  ej^a.  In  the  males,  as  shown  by  Brauer  ('  Wiener  Sita- 
ung^hcr,*  vol.  Isix),  the  appendages  of  this  segment  are  in 
nowise  different  from  those-  of  the  segments  immediately  in 
front  of  theui. 

The  oostegopods,  or  brooding-leg»  (as  the  eleventh  pair  of 
the  thoracic  a|ipendage«  may  be  called),  present  the  following 
pecaliaritieH  aa  compared  with  the  appendages  in  the  region 
posterior  to  them.  The  gnathobnw  and  four  succeeding 
enditea  are  normal  (PI.  XX,  fig.  10),  and  resemble  those  of 
the  next  posterior  appendage  (PI.  XX,  fig.  II),  bnt  the  »i\th 
enditti  i*  grciitly  m<Miified.  It  is  expanded  and  confluent  with 
the  Hubapical  lobe  [p].  The  aubapieal  lobe  is  widely  pro- 
duced in  the  form  of  a  hcmiKphcrieal  cup.  Ou  to  tbis  ex- 
pansion the  flabellum  (PI)  fita  a«  a  lid— an  euiarginated 
ai>crturc  being  formed  posteriorly  to  its  short  peduncle  by 
the  notching  of  its  border  (PI.  XX,  fig.  10,  or). 

The  great  development  of  the  aubapieal  lobe  and  modi- 
fication of  the  flalKllum  sccma  to  have  entailed  an  atrophy 
uf  the  bract  (i^r),  which  exisln  in  a  rudimentary  rilameiiloun 
condition    (compare    the    abnormal   ajipendage    drawn    in 

fiB-  12). 

Thh  general  form  of  this  appendage  has  been  described  by 
many  previous  observers,  aud  the  rclutiona  of  iu  parts  to 
those  nf  neighbouring  appendages  correctly  pointed  out.  The 
correspondence  of  the  immovable,  cup-like  portion,  developed 
Grom  the  axis  or  corm,  with  the  oonjoiucd  sixth  cnditc  aud 
Buhapieal  lobe  (which  is  relatively  large  iu  the  next  following 
appendage  posterior  to  it,  fig.  11),  hnn  not,  however,  l>een 
iutitttMl  upon.  Zaddnch  correctly  ideutificii  the  movable  lid 
with  the  flabellum,  and  figures  tlielimb  iu  an  immature  cou- 
liitiuu  with  the  rndimeutary  bract  present.    Uc  states  that 
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usually  the  rudimeDtary  bract  is  abteot  in  the  full-growu 
coiidilion,  hut  I  h«v«,  on  the  contrarj,  never  fuled  to  find 
it.  Claus  (loc.  cit.)  likewise  figures  this  appoodage  fratn  a 
larral  Apus,  aud  correctly  identifies  its  component  parts  and 
the  rudimeatary  bract  which  docs  not  cuter  into  the  oompo* 
sition  of  tho  e^  box.  IIu\Icy  also  (loc.  cit.)  dcvcribea  the 
adult  oostegopod,  bat  without  meuttouin^  the  rudii 
bract ;  he,  howerer,  identifies  the  movable  lid  as  the  lis 


la  an  oot^H 


(his  "  exopodite"^,  aud  the  Bxed  cup-like  portioa  aa 
growth  of  the  axis  (his  "endopodite").  U«rsta«ckeT,  bov-^ 
ever,  haring  missed  the  rudimentary  bract  (which  ma^  or 
may  not  be  present  in  the  Aptu  produetus  figured  by  hua), 
proceeds  to  identify  the  tixed  portion  of  the  egg  box  with  the 
nabellom  (his "  laDielUform  oranchia"),  and  the  movable 
lid  with  the  bract  (his  veaicalar  (blasenformtger)  branchift). 
Ocrstscckcr'B  being  the  latest  study  and  idcntiflcatioa  of 
these  organs,  it  is  of  some  importance  to  point  out  cmphati> 
caliy  that  the  movable  lid  is  not  the  braet,  but  the  flftbvllum, 
wfaiJsl  the  bract  exists  in  Apu»  caneri/onitis  in  a  rudimcniart 
condition  in  the  adult  appendage,  as  exhibited  in  PI.  XX, 
fig.  10. 

I  have  not  had  an  opportunity  of  examining,  in  the  living 
stiitc,  the  exact  disposition  of  the  musctea  and  the  mechaniam 
of  the  c°g  box,  but  I  must  point  out  that  the  circnljut 
muscle*  described  by  Zaddach  have  no  existence.  Tb« 
modified  flabcllum  alone  ha«  a  musoulai  supply,  which  does 
not  differ  from  that  of  the  other  fiabdlA. 

Appeadagea  next  In  front  i^  the  oMleffopodt. — A  marked 
difference  in  the  proportions  of  the  outgrowths  of  the  limbs 
iu  Izont  of  the  oostegopods  in  observed,  as  compared  with 
thow  posterior  to  those  specialised  appendages. 

In  PL  XX,  lig.  9i  the  ninth  of  the  thoracic  (pnegenita)) 
scries  of  Toot-like  appendages  is  rcprcwuted.  nliilst  tfa« 
gnatbobase  (eudite  1)  and  the  four  next  endites  (2,  3,  4,  5) 
present  no  peculiarity  for  notice,  the  sixth  eudite  is  remark- 
able for  its  firmly  cbitinised  walb,  it*  denticulate  rentrnl 
margin  and  its  ex>&xial  Itibe,  which  projects  beyoud  the  point 
at  which  the  cndite  is  articulated  to  the  axia,  and  works  in 
u  notch  of  that  portion  of  the  Umh, 

The  snbapieal  lobe  (p)  is  well  developed  and  aeot^y  oa- 
gnlar.  The  Sahellum  is  more  eloDgKted  than  ta  the 
ahH.  ital)  appeodages,   being  developed   on 

eitli'  -.  of  aitachmeni  to  the  axis,  instead  of 

being  qoadraie  or  ubloog.  The  two  regkins  of  Ltie  Hubdlma 
may  conveniently  be  spoken  of  as  "  the  distal  lobe'*  (tlut 
•pexwards  in  reUtion  to  the  moMmlar  nUM^mmt}i  ttd 


UPEKDASEa  AND  NERVOUS  BTBTBU  OF  AFUS  CANCRiroaUlB.  35^ 

"  tlie  proximal  lobe"  (that  baseirord*,  in  rclatioa  to  the  same 
attach  meot). 

It  is  iinportiiDt  to  note  this  derelopment,  «iiiO!  in  eome 
Fhytlopoda  and  other  Crustacea  it  ia  very  greatly  uxafgc- 
nira,  and  the  flabcllum  pnictically  divided  into  two  moietiea 
[•ee  woodcut,  6g.  1,  XfX,  XfV,  and  VI,  Fd). 

The  luiucles  dintrihuted  to  the  enditcs  and  the  flabeltum 
are  more  strongly  developed  iu  the  pnc-genital  thaa  in  the 
poat-geaital  appendages  of  the  locomotor  »eric8,  as  may  be 
aeen  b;  comparing  PI.  XX,  fig.  0,  with  flg.  1 1.  Whilst  in 
the  post-genital  oppcnda^s  enditc  2  ceases  to  hare  a  distinct 
muscol&r  slip  supplied  to  it,  this  cnditc,  like  all  the  otherx, 
has  in  the  pncgcuitid  mtIch  a  muscular  slip  from  the  great 
muscle  of  uie  axis,  which  is  distiibuted  to  the  five  utstol 
anditcs.  The  sixth  enditc  has,  in  addition,  a  separate 
muscle,  which  rnns  parallel  with  the  common  mascle  of  the 
endites,  and  the  first  enditc  or  gnathobsae  has  also  its  own 
special  muscles.  The  muscular  supply  of  the  siith  and  first 
cnditcs  is  the  same  in  all  the  thoracic  and  abdominal  apnea* 
dagea,  excepting  the  first  two  of  the  thoracic  series  (two 
anterior  thoracic  feet  of  authors). 

The  bract  i«  in  all  cases  devoid  of  any  muscular  supply— 
a  fact  which  is  not  witliout  importance  in  the  determination 
of  its  homologue  in  other  Crustacea. 

The  appendages  in  front  of  the  ninth  of  the  thoracic 
series  have  a  form  closely  similar  to  that  drawn  iu  PI.  XX, 
fig.  9,  the  endites  bc-coming  slightly  more  elongated  iu  form, 
and  the  axis  also  elongated,  so  >a  to  separate  the  endites 
&om  otic  auotlter  iu  those  nearest  the  fint  two  thoracic 
feet. 

The  Unit  two  thoracic  feet  require  special  deecripttou. 

Second  thoracic  foot. — This  appcudagcisdrawuiuFl.  XX, 
fig.  8.  The  most  important  feature  whieh  it  presents,  as  dis- 
tingniahed  £rom  those  behind  it  which  have  been  already 
considered,  is  the  jointing  of  the  oorm  or  axis.  The  corm 
ia  divided  into  two  tegmenta  or  pieces  by  a  soft  fold  of  its 
cbitinoua  cuticle,  and  muscles  arc  attached  to  the  distal 
segment  so  as  to  move  it  upon  the  basal  segment.  To  the 
basal  segment  (A^^)  are  attached  the  two  proximal  endites 
(fli'  and  e/i*},  whilst  the  four  distal  endites,  the  flabellum  and 
the  bract,  are  attached  to  the  distal  segmeut  {Ax').  Tlie 
endites  are  much  elongated  and  notched  at  their  margins, 
retaining,  however,  a  flat  or  tamelliform  character.  The 
terminal  enditc  (etifi)  ia  strongly  denticulate  and  has  its  ex- 
axial  process  markedly  developed,  whilst  the  notch  in  the 
axis  into  which  this  process  fits  is  peculiarly  constructed,  as 
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may  be  be*t  understood  from  the  figure  (PI.  XX,  fig.  8,  p  I 
and  Irom  the  tiiraiiar  structure  more  dctiiiittOj-  dercloped  H 
the  thoracic  appeudagc  (fig.  7  a.).  I  am  not  able  to  sugg 
what  may  be  the  significance  of  thin  lobe  and  notcli,  whic 
liM  not  bccD  hitherto  noticed  by  those  who  have  dcachbe 
ApuN,  but  it  in  some  degree  sufrgcsts  a  compariaon  nith  the 
peculiarly  modified  lobes  on  t^c  first  thoracic  Toot  of  the 
male  LimnctU  brach^ftanu  (as  dc»cribcd  bv  Grubc,  "^Vieig- 
mann's '  .\rchiv,'  1853). 

The  »iib-apical  lobe  is  relatiroly  small,  the  flabelium 
bract  similar  to  those  of  hinder  appendages. 

First  thoradc  fo<U. — This  appendage  is  more  strikinglj 
modified  than  auy  ouc  of  the  locomotor  scrio,  excepting  tb 
ooategopods,  the  remarkable  foature  being  the  elongation 
and  joioting  of  the  four  middle  endites  in  the  form  of  fila- 
mentoun  fiagella.  The  axis  or  corm  of  thin  appendage  is 
divided  into  four  successive  scigmeuts,  which  arc  marked  ii 
the  figure  respectively  Ar*,  Aj?,  Aa^,  Ax*  (PI.  XXj  fig. 
These  segments  are  movable  upon  one  another,  the  chitinon 
cuticle  being  soft  so  ns  to  form  an  "arthrodial  membrane  " 
between  the  sncecwive  joint*.  Tliix  is  the  only  one  of  the 
trancal  series  of  appendages  (those  following  the  oral  appen- 
dages) which  presents  four  joints  to  the  corm,  whilst  the 
second  thoracic  foot  is  the  only  other  appendage  of  the 
truncal  series  which  presents  a  joint  in  the  corm  at  all  and 
in  it  only  two  sejrmenls  exist.  A  different  structure  is 
assigned  by  Professor  Huxley  to  the  eorresjiondins  limb 
and  to  the  thoracic  limbs  generally  of  Apv*  glaci' 
it  seenis  possible  that  the  coxopodite,  lutsipoditc,  iscii 
atid  tbc  eodopoditc  with  four  joints  recognised  by  him  iu  thai 
animal,  are  due  to  an  intcrpretatiou  of  purls  idcDtical  wit 
those  of  Apuf  coHcriformia,  which  differs  from  the  inter 
tatiou  here  given.  I  must  refer  the  reader  for  his  views 
the  dcMriptiou  and  fibres  given  ou  pp.  2^0,  381,  of 
'  Attatomy  of  Inverlebrate  Auimuls.' 

The  proximal  or  basal  segment  of  the  conn  of  the 
thoracis  limh  of  Apvs  cantrifomus  annporU  one  enditc.  ib^ 
guathobasc  (£n'),  which  is  <iuadrangalar  in  outline  aud  pr 
Tided  with  stmng  sctic  as  in  the  other  thoracic  limbs, 
second  segmeut  (.Iz^)  supports  a  single  enditc,  which  is  she 
and  of  (ilamentous  form,  with  ten  joints  or  annulatiuuii 
the  eliitiuous  cuticle.     These  aunulatioud  in  the  present 
other  filamentous  euditca  are  not  complete,  but  w.  dc 
only  at  the  sides  of  the  filami  i:ga  eootiunous 

of   oon-nnnulated   chitinous   '  nicaially   between  tli 

two  series  of  half-ruigsi  tad  morcoTor,  the  half-nn^do 
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alwajs  ctMncide  witlt  one  unothcr  in  position,  thlit  is,  tare 
not  rxactly  opposite  to  one  xnotlier. 

The  third  segment  of  the  oorni  supports  on  it»  ventral 
mari^in  oqc  filameDtous  endite  vhic)i  has  forty  annnlatious 
or  thcrcAbotits.  Oa  ita  dorsal  margin  this  segment  gives 
attAchmciit  to  the  flnhclUiin  and  the  brnct. 

The  fourth  segment  of  the  corm  oai-ric*  one  long  endite 
with  Bflv  annulatinn»  [end*)  on  ita  ventral  margin,  and  ter- 
minallr  is  produced  into  a  uou-movahle  process  from  whieh 
two  coditro  arise,  one  {end')  very  long  and  filamentoUB  with 
eighty  nunulations,  the  other  (end'')  minnte  and  boat-shaped, 
rexenihliiig  the  tcrminat  endite  (end^)  of  other  thoracic  linibe. 
The  peculiar  .ihspe  of  thia  terminal  endite  and  the  notch  of 
the  eorm  into  which  its  exaxia]  proccsM  fits  is  sbowu  iu 
PI.  XX,  tig.  7a. 

It  ia  at  once  obvious  thni  in  the  lirst  thoracic  limb  wc 
have  a  very  i^pccial  dilfcrcntiation  of  the  enditcs  in  respect 
of  their  filamentous  jointed  form  and  of  the  corm  in  respect 
of  its  four  movable  ncgmcnts.  In  both  the»e  feature*  the 
Biecond  tborncic  foot  is  iiiterniodiatc  between  the  first  foot 
and  those  which  follow  pOHteriurly. 

The  first  thoracic  foot  at  ouce  suggests  comparison  witb 
some  of  the  appendages  of  the  Podophtbalmatous  Crustacea, 
as  also  with  the  limbs  of  Nauplius,  but  the  disciiN-iion  of  the 
homologies  of  tt4  part*  with  tlio«e  of  the  limbs  of  other 
Crastneea,  must  be  deferred  to  a  subsequent  sectiou  of  this 
memoir. 

The  oral  append»gei.— The  appendages  immediatelv  fol- 
lowing the  mouth  constitute  a  natural  group,  whien  arc 
dbtinguLshed  by  their  small  sise  mid  peculiar  Hructure.  1 
reco^iae  three  eucIi  pairs  of  apnendages,  a  first  (nearest 
the  month),  the  mandibles  (PL  XX,  6g.  3)  ;  a  second,  the 
maxilla;  (fig?.  4,  4  a,  5) ;  a  thin),  the  maxiilipcdes  (fig.  6). 
Very  dilTenrut  tntcrpretntions  have  been  placed  upon  these 
part*  by  iliifepent  writers.  Zsdiimoh  regarded  the  two  pieces 
of  the  maxilla  (figs.  ■!■  and  '>)  a»  two  distinct  nisiilliE — a  first 
and  second — in  which  view,  witli  the  curious  diHcrcncc  that 
he  transposes  erroneously  the  natural  position  uf  the  pieces, 
Gcrstacckcr  follows  him. 

The  maxillipede  is  described  by  Zaddach  as  a  rudimentary 
iburBcic  foot— a  view  wliieh  is  no  doubl  perfectly  correct, 
though,  on  aeOQUot  of  it.-<  relation  to  the  oral  series,  it  la 
more  convenient  to  iudicalo  it  by  the  term  maxillipcdo. 

4!rnhc  agrees  with  Zaddaeh  in  regarding  the  two  pieces  of 
the  mnxilla  na  two  dislinct  maxilJ.T,  and  the  inaxillipcde  aa 
a  rudimentary  foot.     Clans  appears  to  have  been  the  first  to 


^6 


PftOVEMOR  B.  UT  LAMCESTXt. 


wmga  the  tiro  pieces  of  the  maxilla  to  o»o  appendage — a 
■ingle  maxilla— l>uL  causes  some  difficnltr  la  arrinnir  at  a 
cooclusioQ  a«  to  vbiit  be  means  by  denoting  the  masillipede 
(rudimentarT  foot  of  Zaddach  nnd  Orubc)  ns  the  "secood 
maxilla,"  without  niiy  explanation  aa  to  the  difference  be- 
tween kis  Bccond  maxiltu  and  Zaddach's.  Hii).lejr  agreet 
with  Claus  in  his  statement,  and  charactcrisea  the  second 
maxilla  (mv  maxillipcde)  as  foliaceous  and  almost  radi- 
meutary. 

Mandibleg.—lhctie  are  figured  iu  PI.  XX,  figs.  3,  3a. 
They  appear  to  consist  (according  to  CImis's  observations 
on  tJieir  derclopmvnt)  of  the  basal  [>ortioQ  of  the  corm  of 
the  larval  appendage,  which  had  at  one  time  a  form  similar 
to  that  of  the  second  pneoral  pair  of  appendages  (woodcut 
fig.I.AT/;/). 

Maxillm. — The  maxilla  (right  and  left)  consist  each  of  two 
plate-like  pieces  littcd  clo«vly  together,  one  behind  the  other. 
The  piece  furthest  from  the  mouth  (which  was  described  tn 
Zaddach  a«  the  sccoud  maxilla  and  by  Gentaecker,  throaga 
an  oversight,  as  the  first  maxilla)  seems  to  corrcspood  to 
the  guntbobase  or  proximal  eudite  (ea^)  of  a  Uioracic  foot. 
It  is  provided  with  numerous  stout  seite  (Fl.  \X,  Gg.  a).  The 
piece  nearer  t  ho  mouth  (Zaddach's  first  maxilla,  Gerataeckcf '• 
Hoond)  is  ia  the  form  of  a  half-arcli  of  chitiaous  substance, 
with  a  broad  surface  for  the  attachment  of  the  other  piece. 
It  is  prorided  with  very  numerous  delicate  set«,  wbica  are 
arranged  iu  the  manner  shown  iu  the  figures  (PI.  XX,  fig. 4), 
showing  the  aboral  surface,  and  fig.  1  a,  the  adoral  surCace. 
The  exact  relatiou  of  the  arch  of  the  maxilla  (as  we  may 
term  the  last  described  piece)  to  the  goatliobaM  is  noi  ijuite 
clear  from  the  account  given  by  C'laus  of  the  development, 
but  il  is  quite  certain  that  it  i»  only  a  part  of  the  saiiw 
appendage  aa  the  latter. 

3/aJtUlifiedes. — These  appendages  are  of  a  tesrj  remarkable 
cbaracter.  They  have  been  unirersally  recogntsed  as  ntdi- 
pitatarf/,  not  only  on  account  of  their  small  nse  (that  draws 
in  PI.  XX,  fig.  6,  is  on  the  same  scale  as  that  adopted  fo| 
all  tite  appendages),  but  aho  from  the  (act  that  they  tio  aai 
net  as  jaws  on  account  of  the  wide  separation  of  the  right' 
appendage  from  the  left — whilst  at  the  same  ume  tliuy 
not  fitted  to  be  of  much  value  as  locomotor  oi^db.  Tb< 
faavo  not  hitherto  Weu  correctly  figured,  the  drawings 
Zaddacb  and  Cirubc  being  ou  a  very  small  M«le,  wbiiat  ill 
diswing  of  Gentaecker  is  out  of  all   [  a  m  iu  ex- 

aggeration i>(  the  lisc  reiativcly  to  tlial  uppondnges^ 

vluUt  the  shape  is  ioooirectly  given. 
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A  cnritniK  Teatare  about  these  appendagco  iii,  that  they 
rewmble  tits  of  a  thoracic  foot  rather  than  a  whole  thorticic 
fool  ill  a  mdi  rue  alary  couditiou.  The  conn  or  asia  is  utterly 
cvnijcftcpot,  a  mere  ridge  {PI.  XX,  fig.  6,  «jp).  To  tliis  arc 
attncbed  two  vcn-  well  clcvclojiwl  |irocc«H?«,  ouc  of  which 
{Bf)  is  clearly  cuuu(;h  the  bract,  being  idcutioni  in  every 
respect  with  the  bracts  of  the  post-jteaital  thoracic  limbs. 
The  otlter  pro<^i>M  is  au  oral  chitiuous  plato,  with  long  inar- 
ginn\  *rtiR  ftn') :  it  niav  po«sibly  represent  the  flabellum,  but 
more  probably  one  oi  the  cnditiM,  pcrhapE  cuditc  I  (the 
^nathobasc).  Thrrc  is  no  means  of  deciiliiig  thin  point,  for 
Claus  girc^  but  a  very  slight  allusion  to  the  early  condition 
of  tfaia  tipi)eudago  ia  his  acconut  of  the  devcfopmeot  or 
ApuR. 

A  highly  imi>ortant  fact  relatirc  to  this  appendage  was 
pointed  out  by  Zaddach.  WhilH  a  M-pnrntc  ganglion -jMiir 
of  the  Tontral  ucrve-cord  supplici  the  inandibli-t  with  nerves, 
and  another  di:>(inet  ganglion  pair  siippliiis  the  miixilhu,  and 
another  supplies  the  lir»t  thoracic  foot,  and  a  disiiiict  gan- 
jcUon  pair  is  present  for  each  of  the  succeeding  pairs  of 
thoracic  feet,  this  pair  of  appendages  ba»  $ta  j/a»glion  pair 
appropri'Ued  to  it,  mil  receives  U»  ntrvt»  front  the  hnt/ifudinal 
cord  ciinucctiog  the  maxilla's  ganglion  pair  with  that  of  the 
first  thoracic  foot  (woodcut,  tig.  2,  y  iwp.).  It  i*  impor. 
tant  to  olycrvc  ihut  there  is  no  cridcnce  here  of  the  fusion 
of  tiro  ganglion  pairs  and  the  consequent  supply  of  two  pairs 
of  appendages  from  one  and  the  same  t;angliou,  but  the 
nerve»  to  the  inaxillipcdcs  come  otT  from  the  tougitudinal 
commissure  and  not  from  a  ganglion  at  all.  In  fact,  ve 
have  evidence  of  the  total  itirnippearmue  of  a  ganglion  pair 
corresponding  to  the»e  riulinienlarv  limbs. 

Any  facts  tending  lo  c^tahli^h  the  occurrence  of  interea- 
Utiou  or  of  c\caiatiou  of  a  srjjnient  (ns  repiLscntcd  by  such 
structures  as  nerve  gang  liou-pain>  and  appendages)  in  theseriea 
building  up  tho  body  ot  a  Crustacean,  InM.-ct,  or  Arachnid  is  of 
great  interest,  »iuce,  if  it  be  once  ntiiuitted  that  a  segment 
may  ''''  ^  or  that  a  new  segmeut  may  be  introduced, 

ihc  .".  >  derive  the  scries  of  segments  and  n[ii>endagcs 

cif  an  i  iis<;i:i  from  those  of  a  Crustacean  or  of  an  .Arachnid, 
or  of  all  three  from  a  common  ancestral  form,  loses  all  the 
liilficulty  which  is  cncwuuterwl  when  the  dieap|>Garancc  of 

■'  ia  admitled  as  occurring  o'l/y  in  the  extreme  poste- 

Li,  or  only  iu  tliat  and  the  extreme  anterior  region 
01  llii:  [icrir*. 

The  uiaxiUipcdcs  of  Apua  appear  to  be  rudimentary 
struRturei  iu  tbc  tense  of  structures  which  are  degeueratiug 
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and  erancacent,  not  iu  tlie  acase  of  structures  which  retain  a 
pnmaeTiil  simplicity  of  form.  In  the  course  of  the  annntnl 
dcTcIopiQcnt  of  »onic  other  Fhyllopoda  (not  io  oil},  the 
correxponding  appendages  hare  cntirclv  disappeared  without 
Icariug  a  trace  oekind  them.  It  is  well  to  bear  in  miad 
tliat  were  the  maiillipcdcs  of  Apas  a  little  further  advanced 
iu  de^eoeratioii,  so  as  to  he  devoid  of  the  hract,  aod  conmt, 
like  the  "  chilaiia "'  (metastoma)  of  Limulus,  of  simple 
s£tosc  ciiiliuoui  plates,  we  ohould  bare  no  jostification  for 
calling  them  "  appendages  "  at  all,  and  they  might  very  well, 
since  no  s^paraic  ganglion  exists  for  them  id  the  nem 
chain,  although  tht-y  receive  each  a  nerrc  from  the  vcn 
ncrrc-conU,  be  re|;arded  as  median  proceMCs  simalatii^t 
rudimentary  appendages.  Such  a  new  is  very  generally 
adopted  with  regard  to  processes  termed  "  panguathi "  and 
"  ffletastoma,"  and  with  regard  to  the  "chiIaria"'of  Limoliu 
which  Iwtj  like  tlic  maxillipcdcs  of  Apus,  reccirc  each  a 
special  ncn-c  from  Uie  latero-rentral  cords  (woodcut,  fig.  3, 
cttf). 

■  This  uMfuI  Mrm  ti  iatrodnoed  by  Prof.  Ovan  in  his  leooont  of : 
hs,  "naakUuMBSoc'  1873. 
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TttbnlAT  fiDumeratidn  of  th«  Appendftges  of  Apns 
cnncrifortnit. 

.  .  .  Anieiinole  -  (scliW  tn* 
K-nun.  Kint  lliortMe 
fuot  or  ZaiUncb. 

.     ■    .  Anioiiei:  ipviiiR-iiala:- 

«ciit      nccoiding    t« 
CiMi*. 


1.  Fif-il  •iitenin 
[|,  ^roaii  ofiieiinn 


lII.MnL 

JV.  M ^^  . 


V,  AlnxillipT'ie 


VI,  Ut  thoracic  foot 
Vn,  8n.l         „ 


Vllf.  i.l 

ix.  lui 
X,  :ii. 

XL  (ill. 

XII.  7ih 

Xlll.  iih 

MV,  H-.b 

XV,  iitth 
XVI.  I  111. 


XVU,  lit  Bbdominai  foot 


,  f  im  and  »emnd  mosU- 
Ifc  of  ZMdiiacli.  Orube, 

HcMMid  Riiixiltaoif  Clan* ; 

Ihifd  Ihanicic  foot  of 

7»iA*/Si  i  TiMtimcRlai; 

foot  of  Grabe  uiii  G«t- 

aUivicr. 
1>r^-like  fool. 
SwimmiDg  fool. 


2.3 


Oottcpipod  in  (cin«I<-,  or 

hroodinit  fool  (  UbK'!''- 
luM  of  Sdiodfcr). 


02. 

!f 

.LXTTIt,  SSaJ  ibdominnl  fDol.       ^ 
f,[t.— Ilui  nr*im.'<'  is  i>r>i  nMuhed  to  tbs  stgwcnts  pOttttioT  lo  ihat 

Tlie  thirljr-ihErd  from  iIm  aUaclunienl  of  ll>A 

nua{iMc)  tun  ■  pur  u(  farou  proccMu,  osd  m  pcffomlH  by  Ifcn 

TV  '  ri  fronl  ftf  it  txtrj  no  (r«t.  the  ent  two 

iii  L  dt  llic  KcgmcDls  of  tlie  tiunk)  hnic  !»• 
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Kifuoiatiov  or  Woodcvt.  Fio.  L. 

Ill  sU  (kc  finns  llie  enililm  ire  nuniboreil  fruni  lli«  fauatl  one  fonnrd, 
•a  1,  i,  3t  i.  5,  fi.  Tbc  pcoiiiiial  i!ii\liiet  are  u(Utu  (udimunlMy 
or  DuuiikU.  In  //  una  ///  niiliic  6  i«  Mi|kj>ruMoil,  ai  Imcimk!* 
obnOM  no  c<>n>|»iiMin  with  If.     F  n  liic  fiiibcUuoi  nf  tlin  Aput  )tinb, 

or  rta   rqiim.l :fif*) ;    p,  tlie   >ub  apnal  lube;  A,  tW   hrict; 

If,  *  trci>:<il  '  ;7/ ;  S,  tbe  Oftk  «uUI«  or  tmitpediU;  6,  lli« 

""■'■■ ..,-.—■. 

i>ede  of  CSfra'aM  lutuM  (alter  Rom,  hi  'Sludier  ant 
lA.u^-.i,....  ^.  M<rit«kaMi»telii,'  KopciiWan,  18S0J. 
11.  Uituol  J'lyarM  lmt*rf»Uim  Uftcf  Uou). 
/rf  niiir>  i>r  riii:inun<»ftcr  Bcas). 

■M  (hTUt  Boast. 
I   Atlaeai jIvBtatili*. 
oiaiiliiufiie  a(  ditto. 

:  .1  Bkxillipolc  of  ililto.    1, 9,  rudimnitar;  mdilm  ol  t^  ciio- 
]»  '.  if  liie  DaupoiiU«i  f,  Ibc  iseliio|iuditc  or  ImmI  MKiuaulot 

>le»  fnftn- Cttiu). 

\«\:  <•{  I'aiiautiii  ((euialc),  after  Bou, 
.>r  Z.IC*  ol'  I'ulKMoncia  (aTier  Bou). 
.  lUjKu  >tagc. 

lie  (tf  uuMni  Uic  Mjsi«  »Uig«  (cnoiptre  «ilh  XVl). 
J.,,     „-.: — ...V.  .^ji  oT  Kcholia  (after  Claiu),  compare  witli  SIlaixA 
VtUlX 

xr  rimi  milliiT-iit  ■>{  tkonoic  foot  of  BraocttiMi  (ofltr  Claua). 
'■f  lan'al  Apiik  (alter  CInua). 
'     I  of  BraiuliifMt  Jottfiii**,  iiAor  Grobe. 
i  I'Ui.  bicoail  ptKon)  iLppcMage  (KCoud  Naypliiu'  limb)  of  larral 
Ap^k. 
X/X.  Socacil  UiDtacio  foot  of  isde  LUt*eiu  (after  Grube). 

Conparison  of  tbe  Appendages  of  Apna  i»ncrifoniiis  villi 
thoft)  of  other  Phyllopoda  aad  of  the  HanpUaB  larva, — Tin! 
B|  !  (lie  other  specicd  of  A|)Us  iiliitrii  Lavc  beeu 

dtu-i.a  .:  1  -it?r  from  tUoie  oF  A.  cancri/'jnni$  m  ty  the 
nurabcr  present  in  tlie  pDat-gciii(«]  or  xliduminal  reiiioo. 
Tbe  loDgtti  ami  tlie  auinbt.T  uf  tliv  jointit  iu  tlie  filaniciituufl 
ftnditca  of  the  lint  thoracic  feet  appear  aUo  to  aS'onl 
dintiuetiic  specific  characters. 

lu  niimr  l'liyllo|nida  the  trUDcnl  appcnilagca  confurm  very 
ctoif^lr  to  the  plan  of  vtructurc  exhibiieil  in  ,\pus,  preacntiiig 
m  cuna  with  «ix  enilito.  often  a  aubauical  lube,  aud  tnu 
rxiti^a.  BritHchipia  Jattphiutf.  of  Urubc  (noudcut,  lig.  J, 
Xl'It)  U  remarkable  fur  pouesain;;  a  third  cxite. 

In  the  ;:ciiera  BroQchipus,  Artiriuia,  LimuctiK,  Liinnadia, 
01  ■  "  ■  ria,  the  Iriiiicnl  ii[ip<:iiilagi'^»  pre.tnut  spct:ial  modi> 
ty  .1    the  wJH^;it1n,■llt  parts  uot  »howii  in  auy  part  of 

the  •i'ni-3  ill  A|iu«,  al[li(.'U;;U  the  C(iri'e«|)oiidiii)jE  'ap(j|>hy3tix* 
ari-  readily  ideiitijicd.     Oue  of  the  moat  rGinarkablc  oiodit 

VOL.  XXI. — rntyt  skr.  a  a 
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finstions  is  bccq  in  Limncti*.  vhcre  the  disul  lobe  of  the 
flalicUum  becomes  polyurttirous  (woixlcut,  &g,  I,  XIX,  d\, 
Tbe  iutcrest  of  tUU  moditiciitioii  <x>ii!(i»u  in  tbe  (net  that  it 
lends  some  support  to  tbe  identilicatioD  of  tlie  tlitbctlum  of 
tbe  Phyllopoda  irith  the  polyartbrous  ramus  termed  '  exopu. 
dite'  in  the  D«cnpoda.  On  othur  ground*  1  am  led  to  doubt 
tbe  corrcctDCNH  of  tbi:t  ideiitificatiun,  an  «xpi«incd  Wluw. 
Tti<!  fourth,  fifth,  and  aixth  euditea  in  Die  aaniv  appendafe 
of  Limnoii»  are  olouKaled,  whilst  the  first,  se<^nd,  and  thtnl 
arc  short  and  jaw-likv.  The  ti'iiduiic;  of  the  fl3l>clluro  lo 
elongate  itactf  in  the  direction  pandlel  wjtb  tbe  long  axis  of 
tbe  corm  ii  remarkable,  and  tends  to  ita  separatioa  Into  a 
distal  and  a  proximal  lobe. 

It  is  an  important  fact,  which  upacc  does  not  allow  me  to 
farther  illustrate  here,  that  tbe  number  of  apopbvscs  (bath 
eudites  and  exiles),  with  tbe  exceptional  pn-nt^uL-e  of  an  ad- 
ditional exite,  is  constant  in  the  truncal  ap|>cndages  of  all 
the  Phyllopoda. 

The  pleural  and  oral  appcndagca  are  Ter7  vartoualy 
iDodiGed. 

In  order  to  determine  further  the  homologic*  of  the  parts 
of  tbe  Crustacean  limb  it  becomes  imfiortant  to  uecrtain 
what  relation  tbe  parts  of  the  foliaceoua  truncal  appendages 
of  the  PhvUopoda  liavc  to  the  typical  biramose  appendages 
of  a  Nauplins. 

The  iiwvittigations  of  Zaddach,  and  more  es|iedally  of 
Claus,  on  tbe  development  of  Apus  furnish  data  fur  Ulia 
determination.  The  limbs  present  in  the  Nauplius  larra  of 
Apus  and  Branchipus  pcrsi«t  in  their  primitive  form  at  a 
time  when  the  thoracic  appendages  have  attained  to  a  site 
nearly  equal  to  tbeir«,  aud  the  compari^un  of  the  Snl 
and  aecouil  tborado  foot  [woodcut,  fig.  1,  A'f-7)  with  the 
biramoae  second  pair  of  autennee  (same  tigurc,  XVllI) 
leaves  little  room  for  doubt  as  to  the  bomologoii*  parts.  Tbe 
Nanplim  biramoae  appendage  is  devoid  of  flaltellnm  and  of 
bract;  it  has,  in  fact,  no  exiles.  Its  terminal  Moment 
(outer  ramus  or  cxopoditc)  corresponds  to  the  termtual 
enditc  of  the  tlioracic  foot  (ihr  sitth),  and  it*  inner  ramow 
(cndopodite)  corresponds  to  tbe  next  «ndii«  uf  tlie  ihonuao 
foot  or  the  fifth.  Iludinients  of  two  other  enditca  art 
praent  in  tbe  aeoond  pair  irf  Nauplian  appendages  uf 
Apns, 

The   identiticatinn  thiu  indicated  is  not  capable  of 
more  couriitciiig  proof  than   that  afTnrded  by  ibe  gene 
similarity  of  relations  in  the  two    aopeoda^^es    compared, 
Biid  wheo  the    cxtnuno  flnidity  (if  too  exprcxaiaa  may  \ta 
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iiaal)  or  tlie  Cruitnoeou  liaib  i»  borne  in  miud,  aiiil  the  un- 
deiiiuble  teudeac)'  of  oae  UmS  to  become  a  iksemlomorp))  uf 
aiiutUcr,  attairiiu;;  timilar  furilt  by  identical  modelling  uf 
p^rts  Wfl  identical  in  origin,  <vc  have  Co  bu  virrr  careful  in 
iii>i«tiri^  U]wn  i-ouclucion^  arrived  at  bjr  giving  vnluc  to 
sinipiti  correH|H>iideace  iti  foriu. 

At  the  same  time  it  ap)>ean  most  probable,  and  haa  been 
admitted  by  (Jlaua  atid  others,  that  ibv  Naupliu'i  appendages 
uf  i'hyllopoda  arc  devoid  of  flnbcllum  and  br«ct.  Ucuce  we 
may  fonnulate  the  conclusion  that  the  cxufioilite  and  endo- 
podite  of  the  Naupliiis  limb  an;  horuologou!i  with  the  *i\th 
aitd  tbe  liftb  cnditea  respectively  of  the  thoracic  limbs,  and, 
similarly,  that  the  flat>cUuia  is  not  bomologoos  with  the 
exopoditc. 

Hut  when  we  oome  lo  examine  the  NanpUns  of  Dccapoda 
(I'diioius,  Sfe.)  wa  find  that  tbe  esop^tdite  of  tbe  second  pair 
of  Naupliau  anpendagca  becomes  the  short  exopodite  of  the 
adult  autconiuc,  vliilst  the  cndopodite  bceomcs  the  polyar- 
tJirous  tilnmcQt.  Acvunlingly,  if  the  exopodite  and  endo* 
piiiliu:  of  llic  anieiina  of  such  a  Oei'vpod  uti  A»taeti8  are  cor- 
tcctly  identified  with  the  parts  called  exo|iodite  and  endopo- 
dit«  (external  and  interna)  nunui)  in  the  postonti  scries, 
the  dabeUum  cannot  bebomologoua  with  the  cxopodit«of  the 
maxdlipcdcs  and  maxtllte.  Such  an  homology  mi^ht,  however, 
be  Diaintnjncd  by  abandoning  the  current  idcnlification  of 
the  part«uf  the  pneorul  anil  postornl  Bp|>ciidngi;a  of  Astacus. 
Witti  regard  to  the  antenuules  or  ftrot  pneoraU  of  Aslacus, 
Ibere  seemft  to  be  but  little  to  juHtify  tbe  bouioiogy  implied 
in  callin;;  it»  two  rami  respectively  exopodite  and  endo|>odile, 
>inec  in  no  Nauplius  is  this  appendage  biramosc.  Its  distal 
Kejjment  in  the  Naupliiu  phase  may  with  probability  be  iden- 
tified with  the  cxtt^rn^il  runins  (enditcCt;  of  the  untenna,  hnt 
ttH  iuuer  ramua  appL-an  in  Penu^ns  ut  a  lute  period,  and  may 
or  may  not  b«  tbe  equivalent  of  cnditc  b,  tbe  internal  ramus 
of  the  antenna. 

Tbe  drawing  JT^'/in  the  woodcut,  fig.  1,  repnisents  the 
form  of  all  the  thoracic  appendages  in  the  developing  Apus 
(a  yoiuiger  condition  in  drawn  in  X/').  It  is  interesting 
to  note  the  extreme  modification  which  the  apophyses  subse- 
■ineiitiy  undergo  in  the  eate  of  the  tirst  thoracic  foot.  The  lla- 
bvllum  and  the  bract  rX)UiN(l,  bnc  tho  terniinul  endice  becomes 
alnifMl  rudimentary  and  claw-like,  whilst  endite  6  grows  out 
as  a  Jong  polyurtbrous  filament,  and  endite  4  attains  nearly 
ihe  aame  lenjftb  j  cnditcs  3  and  2  become  shorter  polyar- 
tbrous  Alamcuts,  and  cnditc  1  beconie*  the  juw  proiieui.  On 
a  timt  gtsQcc  at  llio  ndult  limb  (I'l.  XX,  fig.  7)  one  would 
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vtippose  that  the  lone  enditea  5  Bnd  4  Here  the 
homologous  with  the  eitcraal  ond  inl«rnul  nniiu  rupn* 
lively  of  (he  Nauplius  limb  ;  but  l)ie  actual  fact  u  that  tlw 
reduced  claw-like  rndite  6  is  the  hootologueof  the  cxopodite 
of  the  Naupliua  antenna. 

Ab  has  bccu  pointed  out  above,  the  biniinoi<e  antenna  of 
the  voting  Apiis  vurrivc*  i»  the  lultilt  ai>  a  minute  filanieutoiii 
appendage,  in  which  both  viiditeo  (i  aud  5  have  atro^ihicd,  and 
odI7  a  portion  of  the  axiit  aad  the  amall  vndite  1  (k« 
woodrnt.  Xyjil)  penifit. 

The  homologie*  of  the  parts  of  the  appendages  of  wou 
MaUooMraoa  with  thoee  of  Apu. — The  attempt  to  «tBhli*fa 
a  rloK  coiTeB]>oadence  b^twiMin  the  apophync*  of  the  appen- 
dages of  the  Vbyllopoda  and  the  P<Hi<iiiblh»linata  has  its 
juatificatiou  in  the  existence  of  tbe  aunectant  form  Nebctia, 
and  of  the  Naupliu;  larval  forms  of  some  of  the  latter  Rroup, 
The  folinceotis  maxilla:  and  maiillipcdcn  of  »uch  Pconpods  ai 
Aslaciu  aim  fnigfent  a  correKpnndenoe  with  the  roliaceuus 
truncal  feet  of  I'hyllopoda,  which  can  be  eatablixhed  ill  detail 
OD  cloae  corapariHun. 

If  we  take  the  second  maxiila  of  Astacus  to  bepin  with 
(woodcut,  y)  we  find  it  to  consietof  an  uujoinied  corui  with 
sis  enditcs,  comparable  to  the  six  cndites  of  the  abdoiniiial 
fectof  Apu«{PI.  KX,  fig.  II). 

The  terminal  endite  >M  eulurgtid,  and  hati  a  distal  and  a 
jyruximal  lobe,  as  ia  more  or  leas  the  case  in  the  corre- 
sponding cnditcof  the  Apus  limb.  Two  rudimcntarjr  cxtUs 
(p  in  the  wofxlcut)  only  are  pn^cnt,  and  in  the  adult  are 
fused  with  the  pruxim.-il  lobe  of  the  enlarged  endite.  In  ttie 
Znea  phase  of  many  l>eoa|>oiln  the  eularjged  endiic  is  free 
in  this  region  (woodcnt,  ('///),  and  in  some  cases  the  re- 
aemblance  to  a  I'liyllopod  foot  with  suppressed  flabcllnm  and 
bract  is  very  strong  (woodcut,  IX). 

Passing  to  the  next  appendage  uf  Astacuf — the  first  max- 
illipede (woodcut,  Vl) — wecan  count  the  six  eurtitfsasin  tbe 
second  mnxdls,  the  sixth  being  greatly  changed  in  form  ; 
instead  of  being  a  simple  eri^«-cntic  plate,  it  now  has  tbe 
ahapc  of  a  rod,  and  is  polyarlhruus.  But  this  cliangn  is  nn 
grvnler  tbnn  that  pn-Nvnteil  by  (he  tranxilion  from  the  poU- 
arthriins  enditea  uf  the  Brst  thoracic  limb  of  Apua  to  the 
lametliforui  enditcs  of  the  second  and  third  limbs  of  that 
animal.     A  large  esitc  is  now  prrjeut  [P)  with  a  small  distal 

ij),  and  larger  prniimnl   lobe.      It  oomispnndii  with   the  fla- 
N-ilum  of  the  Anns  limb  and  '>io 

hraet,  owing  In  ibe  fiici  thut  in  i  .  .  . '  >>~ 

d«gea  it  has  a  muscular  couuediou  at  its  base  and  i«  nohl/ 
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xTtoec  on  tbe  anrfacp,  whereas,  the  brsct  of  Anus  ia  alwavB 
dcrotd  of  tniti>cul;ir  cttntirrtion,  imi)  ou  its  sanacc  Tree  from 
*KiK.  In  fact,  the  hract  uf  ihc  liinh  of  Apus  sjipcnrs  to  cor* 
ratpotid,  if  with  aovthinf;,  in  the  limbH  of  AaUcui  and  other 
Decapods,  with  branchial  villi  or  lampllre,  and  not  with  any 
of  the  large  dirinoim  of  the  limb.  The  com;s)X)ndiMK  max* 
Jllipf!deofa]ruunf(Sei^eatei«  (/.V)  and  of  Paht^moDetes  {XIII) 
at  the  myHia-ata^  of  development  exhibit  ]>oiut*  of  a)creement 
vith  the  Apua  limb,  which  confirm  the  identifications  juat 
made  ID  the  case  of  Astscii!i.  In  St^rgcstes  (t  eubapical  lobe 
(/p)  is  iirrnent,  whilitt  the  ivMrmbbnc-e  of  the  Pala^monctes 
limb  (Xflt)  to  (he  young  thura(!ic  foot  of  Apuit  (XFt)  ia 
ettraordinariW  close.  The  flabellum  in  the  two  caaes  and 
the  terminal  cndites  6  and  5  have  practiciUlr  ideutical  form 
aod  relation*  rfsprctivciy. 

tr  wi;  HOW  take  the  third  maxilUpedfi  of  Awtacnx  {VJI) 
IhcfB   ill   uo   difficulty   in    reco^nisiDie    the    corresponding 

Iarta  in  it  and  the  various  appcndu^cs  already  noltcco\ 
u  this  appendage  we  have  fully  and  clearly  developed 
the  apophyses  which  arc,  uniformly  by  modem  writers, 
termed  internal  mm»«  or  cndupoditc  (5,  VII);  external 
ramns  or  cxngiodite  (6,  Vtl),  and  scccnory  raiuiiH  or 
(pipodite  it'.  VII). 

Accordingly  it  is  now  obvious  that  the  endopodite  of  the 
Astacus  maxillipcdc  is  the  homologiic  of  the  cnilite  5  of  the 
Apus  limb,  it*  rxopudite  ii  homolngou*  with  cnilite  fi  of  the 
ApuH  limb,  and  itH  ejiipodite  in  homolosous  with  the  flabel* 
lum  of  the  Apua  limb.  This  identification  a^reea  with  that 
arrived  at  in  regard  to  tlie  eudopoilitc  and  cxopoditc  of  the 
antenna  of  A*tncus  as  oonipiiml  to  the  Apiis  limb  through 
the  iiitermediury  of  the  Nauplitts  hiramose  appendage,  and 
Beiiirdiiii;ly,  it  may  be  rouvenieiit  to  speak  of  the  fiabcllum 
nf  the  Vliyllopod  limb  as  the  epipoililc,  the  tcnntnul  cndite 
as  the  cxopoditc.  and  the  flfth  enditc  Tt*  the  endnpiidite.  The 
two  basal  joints  of  the  Astacus  niuxillljirile  constitute  the 
comn,  and  are  usually  termed  the  prolt)]M>dit«  collectively,  the 
proximal  joiut  being  the  "  coxopodite  "  ( VII  I,  2),  and  the 
distal  the  "  basipoditc  "  (  VII  'A,  4).  These  two  pieces  agree 
precisely  in  their  relations  to  cndltcs  and  exiles  with  the  two 
«ci;meiits  of  the  corm  of  the  H^cond  thoracic  foot  of  Apu" 
(PI.  XX,  tig.  8,  Ax,''  A^\',  on  the  other  hand,  the  firat 
ihorarie  foot  nf  Aims  (PI.  XX,  fijt.  7),  shows  each  of  the  two 
piece*  of  the  axis  or  com  in  a  further  state  of  dirision.  Tlte 
ioflr  pieces  of  the  i:omi  of  this  limb  have  no  Kimilarly  four- 
fold repreHcntative  in  the  prolojioditr  nf  any  Dtrcapud  ;  and 
the  two  proximal  (Of/eth^r  roprcsont  the  coxopodilc,  and  the 
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two  dUUtI  logethrr  represent  the  basipodite  of  the  typietl 
DecnpcMl  limb. 

The  liomoIogicR  tha«  arrived  at  do  not  agree  witb  tboM 
put  forwnni  by  Profciwor  Huxley  in  hit '  AniLtoaiy  of  lti»«r- 
tcbrated  Anim&is/  1877,  p.  SSl.aince  he  identifin  the  fli- 
bellum  of  the  xVpui  limb  irith  the  eiopodite  of  Dtvapod*, 
and  rf)cardB  the  bmct  of  Apas  as  representing  the  epipodile. 
Further,  lie  consider*  a  part  of  the  conn  or  protopaditc  of 
the  fir«t  thoracic  foot  of  Apoa  as  the  eodopoditc,  and  the 
enditea  a*  merely  wcondary  procenea. 

The  careful  etamination,  howerer,  of  the  structure  of  the 
appcnda);«a  of  Apna  Iradc,  I  think,  vhca  combined  with  the 
examination  of  the  numerou*  modi6cations  of  the  oral 
appenda^M  of  Pecapoda,  which  recent  writera  have  minntel; 
dcMribed,  to  the  eonclusioos  which  I  have  advanced  above. 

"niere  »xc  some  further  points  of  intenst  arising  fmm  the 
eompariaon  of  the  walking  and  twimmiog  feet  ofMalaoostTaM 
with  the  abdominal  feet  of  Amm. 

In  iIkmw  Dceapoda  in  which,  at  an  esriy  period  of  tbetr 
dcrplopment,  the  maxillipedes  and  even  the  reprevcotativn 
of  the  ambulatory  appendages  resemble  in  form  the  bir^ 
mnse  Nanpliu»  limb  (Ser^tes,  Pcncus,  and  Scbisopod*)  we 
obtain  data  for  id<-niifying  the  exopodite  of  the  antenaa 
with  the  exoiMKiile  of  the  poftoral  seriea,  and  aimilarly  for 
ideiililirnlio»  of  the  endopodites.  And  thna  by  referring 
ajtaiii  lothe  Naiiplius  antenna  of  Apaaasd  tfaeaasamed  homo- 
toftiea  of  iu  part  with  the  foliarrous  limbs  of  the  truncal 
nyion  nf  thnt  animal,  «r  arrive  hy  anothtr  method  than  that 
ad<>{)tc<l  when  ihrntnijianM^Bof  the  aeeond  uatillaof  Deca- 
ptMlx  with  the  abdominal  feet  of  Apua  i»  made  the  atarting 
poiitt,  at  an  identical  determination  of  the  bomologiea  of  the 

fart*.  The  persistent  ramos  of  the  ambulatory  hmb  of  tU 
)rr«pi'>da  i*  the  fiClh  rcdite  of  the  Apan  limb,  its  rosopndile 
ami  baMpodite  an  the  oonn  of  the  Apu*  limb,  the  sixth  cndiie 
t*  9iiippre«)>rd  a»  tl  so  nearly  ia  in  the  6rst  thoracic  foot 
AptiR^the  epipodite  t!i  the  Aabelinn,  and  tlic  hmnchf 
Illume,  wh<  <  -    'i,  pT^iahty  tcpreaents  tlie  fanctof 

riiilli>r"^ "  '^■ 

liimae  ■  c  feet  of  Xobal^ 

•itn       ,     .   , -i.mingfM.        :  — uunu  to  the  Api 

litnb— aa  thev   appear  to   ne — ar*  indioted  bv  the   lelt 

■Itixed  '    ■'   ■ "-- woodcut    V  "■.-,)  xi 

A  n  I  '<nin  it  •  :> 

R>^'  -iMaparci^ 

tail  1  Mm  at 

arnra  ttt    Dnt    m*autt|waaa    il    hrmac*   |tn«altlc  liiat 
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>nt«mm]  ramns  (5)  of  Nclioilia'ii  smmminjf  foot  in  not  the 
sMine  apopliyai*  kk  tiint  whioh  forms  the  intcroal  ramus  of 
CallianuM's  f\ni  maxillipedn.  For  an  kHowo  by  a  com- 
parison of  the  6rBt  tDaxilliiMtdcs  of  ('arcinua  (/)  and  of 
Caridina  (IV),  an  apophysis  (number  5)  which  is  already 
loueli  reiJuoed  in  Cnridina  hn4  altogether  disappeared,  both 
in  Cailianaasa  and  in  Pa^unin  (//). 

Tbis  nmnlatioD  of  ideatical  constitution  by  the  thoracic 
fix>t  of  Xebalia  and  the  maiillijiede  of  Cailianaasa  is  an 
example  of  that  '  pseuilotnorplnsm '  which  renders  the 
determination  of  liomolngi<M  uf  thi-  pnrt«  of  the  Crustacean 
sppenda|;c  in  different  regions  and  in  ditferent  genera  so 
difficult  a  problem. 

The  (irat  maxillipcdc  of  Pa|];nnia  (woodcut,  fig.  1,  //) 
prescnta  a  feature  which  is  of  importance  iu  relation  to  the 
flf!t«Tmination  of  the  part*  preaent  in  the  socnnd  maxilla  of 
Astacna  and  allic<l  forma.  Tlie  second  maxilU  in  the  latter 
ik  destitute  of  any  dcrcloped  rftprcsenlativc  of  the  flabellum 
(epipodite)  i  on  the  other  hand,  the  lir«t  mnxillipede  uaually 
in  these  Oecapoda  has  a  well  developed  flabellum.  Pagunis, 
liowcrcr,  prcscnta  a  fir«t  maxillipcdc,  which,  like  the  lecantl 
MoriZ/a  of  other  Deca|)oda,is  without  any  flabellum,  and  in 
eonnectioo  with  that  a)»euoe  we  find  a  tendency  of  the  sixtli 
eodite  feiopodite)  to  become  broad  and  tlalioilifurm,  as  it  is 
111  the  second  maxilla.  In  Caridina(//' ),  a  very  amal)  Habet- 
lum  ia  |irc*ctit  on  the  firxt  muxillipcdc,  and  by  its  presence 
eoofirtua  the  ideiitifir-ntion  of  parts  adopted  in  regard  to  the 
first  maxilltpede  of  Fagurus. 


Tbr  Oentkai.  Nxkvovs  SrsrBU  or  Artrs. 

The  remarkable  condition  of  the  central  nervoua  systent 
of  Apns  baa  been  desorilwd  and  ti^inri-d  with  great  care  by 
Zaddach,  hut  whether  hie  obacnations  have  been  vonKidered 
untrustworthy,  cir  from  whatever  cause,  no  notice  liaii  been 
takea  by  recent  writers  of  tbe  very  significant  and  excep- 
tional ilispnaition  of  the  ganglia  in  the  anterior  region  of 
tbe  body  which  he  bronght  to  light.  There  is  every  reaaoa 
for  accepting  tliv  accurney  of  Znddaeh's  oba«rvations,  not 
only  on  aeeouui  of  tin-  CJire  which  be  appears  to  have  given 
to  this  investigation,  bnt  becauHe  (irube  described  in  1853 
(loe.  cit.)  a  verv  similar  but  not  (]uite  identical  disposition 
of  the  ganglia  m  Limnetit  &racA$rvr<M. 

In  the  Crustacea  generally,  the  two  pair*  of  pncoral  ap- 
pendages ruceivc  tlieir  nerves  from  the  pneoral  ganglion, 
which  supplies  also  the  eyes   and   the   integument  of  the 
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liriROTml  r«gioi).  On  thii  «ccoHnt  the  two  pairs  of  pneoral 
«!>[>« Qiltigea  have  been  looked  upou  aa  twinK  aboriginally 
appen()af;Ga  of  ttie  region  in  front  of  the  month  nml  in 
mrioaa  other  Arlhropoda  [e-g.  the  Arnctinida  anil  Limulnn) 
Uie  attempt  haa  again  tinA  again  been  made  to  detemuD« 
whether  the  first  pair  of  ap|)«iM)a|:e8  vhich  are  present  in  > 
f;iren  caac  are  to  be  considered  homologotis  with  one  of  the 
prieoral  pair»  of  appcndagn  of  the  Crustacea  \ty  an  ex- 
amination of  the  nervc-Kiipply — it  being  held  that  if  an 
appendage  received  its  iiorreft  ftom  the  pneoral  j^aoj^lioD  it 
would  necessarily  be  the  homoiognc  of  one  of  the  sitailaHjT 
iuDcrvatcd  pra»irnl  appendages  of  the  Cmstacca. 

Anton  Dohm,  for  example,  in  djucuiixing  the  affinitie*  of 
IjimuliiH,  naya :  "  Bei  alien  Krnsteni  empfangen  nitmlich  dir 
beiden  vorderen  Extremitatenpaare  ihre  Nerren  sua  dem 
obt-ren  Schliind^aogiion."  And  so  firmly  fried  is  this  coo- 
ct'-ption  with  rrgard  to  the  ncne  supply  of  the  two  pairaaf 
pneoral  apjMfiuiaKes  in  Cniiitaeea,  thai  Oohm  baa  made  ll 
a  subject  of  apeciat  remark  that  in  certain  NaupiioB  LarrK 
the  first  pair  only  (the  antennules)  receive  their  nervea  from 
the  prsBoral  ganglion,  whilst  the  second  rvcoive  their  nenea 
from  the  lateral  cordu,  which  pass  posteriorly  to  form  thi 
rentml  ganglionated  cord. 

Clans,  who  deacribed  this  dilference  in  the  mode  nf  nerve 
supply  of  (he  two  prtooral  appendagex  of  larval  Fbyllopoda, 
ta  led  by  it  to  n  remarkable  conclusion  as  to  the  Datare  of 
the  two  pain  of  pneoral  appendages  of  Cruslarca.  EJ  c  holds 
('  Oraodzuge  dcr  7A>o\o^\e,'  3rd  edition,  p.  filS]  that  hrcaute 
in  these  Nauplii  the  first  pair  of  antennie  are  supplied  hy 
the  cerebral  or  prteoral  ganglion  they  are  chc  cqiiiTalcuta  of 
the  Biitcnnx;  or  tactile  apftcndagcn  of  the  cephalic  lobe  of 
CliKtopoda  (Annelidc«) ;  wbilut  the  M^^ond  pair  of  Nanpliits 
appendage*,  or  second  pair  of  antennie,  are  to  be  refcarded 
s«  equivalent*  of  postorol  scj^meutal  appcnd^:es  of  Chaelo- 
poda,  beeauae  they  receive  their  ncn-es  from  the  lat«s^^ 
oorda  and  not  from  the  pneoral  ganglion.  ^^| 

I  have  long  been  of  the  opinion  which  l*rof.  Claus  apprjmP 
to  hc^d,  that  the  appendages  of  the  Arthropoda  are  homo- 
IngouH  for,  to  uw  a  morr  distinctive  term,  "  honin);enon»  ") 
With  Ihu  ap)iei>dages  of  the  Cha-'lupixla,  and  on  this  acciouut 
1  consider  it  a  pro{ier  atcp  iu  elasnillcaliau  to  aasociate  the 
Cbictopoda  with  the  Arthropoda  and  K«tifcra  in  oni-  large 
phylum,  the  Ap|4nidi'-nlat»  (are  "Notes  ou  Rmhrvolncy 
and  Claa>ifii;atiim,"  thi'    '    '        .:,   IK7rt,  and  I'ref       '  '.: 

Kuglish  tranalatiou  of  (  '.r'n'  Elemimta  ol 

tivB  Anatomy  '). 
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At  the  nme  time  I  hare  not  been  led  to  oondnde,  as 
Prof.  Clans  (ioc«,  tliat  only  one  pair  of  the  CniRtHreiiii 
■uUrnnsi:  axe  to  Ije  i*gardpil  a*  jirimariiy  portunil  in  posi- 
tion, and  aa  re)in;sentinK  the  appendagces  of  two  ori)(innliy 
poetoral  somites,  but  I  think  it  probable  that  boifi  antennie 
tav  ia  this  case,  and  that  in  the  Crustacean  there  is  no 
reprcMsntative  of  the  "  sHtciinK  "  or  tactile  procnsvit  of  the 
pcphalii^  l(ib«  of  Chieto}Ki<la.  Wbtlat  this  agipftars  to  tne 
probable  iu  re^rd  to  the  Cniatai^a,  it  yet  sceniB  to 
me  very  posaihle  that  the  antvnoK  of  Penpatus  and  of 
Uoxapod  and  Myriapod  insrcts  may  rcpri.-*(riit  true  pro- 
CMMfa  of  the  cephalic  lolie  or  proitoniiniu,  as  s«^en  in 
Clivttipnda. 

lu  1873,  in  the  '  Annals  and  Ma^.  of  Natural  History ' 
(or  May,  p.  Si5€.  I  snidi  "  Mu<;h  more  likely,  it  oecms,  ia 
the  ekplanatioR  that  the  oral  apcruirc  obiru  poaition,  nail 
that  the  ophthalmic  segment  uhiiie  in  Arthmpoda  reprevents 
the  profltomium,  the  antoniiury  and  anteDuular  sefiments 
beiajf  aborigiually  mctiistominl,  and  only  prostomial  by  later 
adaplationai  ihifting  of  the  oral  aperture."  1  was  led  to 
take  this  view  by  a  consideration  of  the  relations  of  the 
month  to  the  appendages  in  Nanplinn,  and  by  the  facts  of 
Ui«  onnHtitutiou  of  the  head  and  iU  appendages  in  the 
Chietoiioda. 

I*rof.  Claos'  removal  of  the  second  pair  of  antcntiEC  from 
the  pncstomiol  to  tho  tDvlantoininl  region  is  bn^K.-<l  on  a  solid 
rmbryoli^ii'ul  fact  ut  to  the  innervation  of  that  ajigwndago 
iu  the  Nauplius,  but  it  appears  to  me  that  the  facUi  awer- 
tatned  hy  ^addach  and  Grube  as  to  the  structure  of  the 
uervous  system  and  the  supjily  of  the  appendages  in  certaia 
adult  Phyllopodt — facta  whidi  were  uiiknonn  to  me  in 
1M~3 — entirely  confirm  and  establish  ou  a  iirm  baaiti  the 
vit-w  that,  iu  the  Crustacea  at  least,  the  two  prscoral  pair&  of 
apjicndages  are  primitively  po.storal,  and  are  neither  of 
llieiD  related  to  the  primitive  proxtomiiim  or  cephalic  lobe, 
riz.  the  region  innervated  by  the  primitive  eephaliu  ganglion, 
^whieli  gaiigiiiiti  I  will  venture,  for  want  of  a  bi-tter  name,  to 

i)  the  '  archi-cerebmm '  of  the  Appcndiculata. 

Tbc  condition  of  things  described  and  figured  by  Zaddaeh 
io  .-Iput  cancri/ormit  is  repiT^rnlid  in  the  w«o«i(-ut,  fig.  4. 
~Tl)e  Ui^rveK  to  l>i)t.h  |>airs  uf  aiilcniiie  ate  set^n  to  arise,  not 

mil  Ihi:  (|iiailrun^ular  archi- cere  brum,  but  from  tlie  lateral 
|i>rda  at  nume  di&taucc  from  it,  which  are  ountintied  poate- 

srly  to  form   the  so-called  'ventral'  nerve  ganglion  chain. 

similar  hut  less  ounsiilt-rable  separation  ol  lite  ncrres  to 

He  firat  pair  of  anteaua;  from  the  cerebral  ganglion  is  de» 
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scribed  and  figured  by  Grubc  in    Limnetis  ('  Arcbiv  for 

NaturKeflcbichtc,'  1853). 

Id  some  very  important  reiipeete  the  central  tterrotis 
system  of  Apus  %\tpetin  to  be  more  archaic  and  more  nearly 
lik«  that  or  tlie  CliEetopod  aonclids  tboa  is  that  of  an;  other 
Crust  aceaiiB. 

Recent  n>scarclifs  on  Planarians,  Kemertines,  Cbaotopoda, 
and  MolluKon,  point  to  the  conclusion  tlist  the  central 
ncrrouJi  of^ns  in  all  bilaterally  symmetrical  Ca:lomata  are 

Jirimarily  (or  after  a  certain  stas^  of  eroliilionj  a  pair  of 
aterat  cords,  consistini;  of  nerve  gniiglton  cells  and  ncrrc 
fibres,  whieh  are  at  first  united  to  one  another  across  the 
middle  line  only  by  comniissura]  fibres.  The  more  abuii< 
dant  ner\-e  celts  in  the  prostomial  portions  of  these  primitive 
nerve-cords  form  a  pair  of  a rchi- cerebral  cani-lia,  whicfa 
unite  with  one  another  to  constitute  the  primitive  pnesto- 
mial  ganglion  or  a rchi- cerebrum.  Meanwhile  other  ganglia 
or  concentrations  of  nerve  cells  are  formed  ti[>on  the 
portions  of  tlve  lateral  cords  lying  behind  tbe  mouth,  and 
these  apparently  correspond  in  number  to  the  segments  (if 
segments  exist),  which  are  differentiated  in  the  metastomisl 
axin.  These  mctastomial  ganglia  may  become  highly  spe- 
cialised by  the  Iitcalinitig  in  them  of  all  nerve  cells,  whilst 
the  intermediate  partv  of  the  cords  remain  as  simple  bands 
of  nerve  fibre*  (Leeches,  some  Chajtopods,  most  Arthropods, 
most  Mollnsca),  or  nerve  cells  may  still  occur  in  quantity 
between  the  ganglia  (Pcripatus,  some  Chntopods,  Cbitons). 
A  distinct  method  of  further  change  consists  in  the  approxi- 
mation to  one  another  in  the  middle  line  of  the  two  cords 
fith  their  ganglia.  This  approximation  may  be  slt)|;)it,  when 
it  indicates  an  archaic  condition  (Feripatas,  Serpula,  &<■.), 
or  it  may  be  so  fully  carried  out  that  the  ganglia,  though 
rarely  the  cords  thcmH'lvcs,  arc  fused  to  one  another  in  tbe 
middle  line. 

A  pus  ia  remarkable,  aa  the  woodcut  (fig.  2)  shosrs,  for 
vide  divergence  of  its  nerve  cords  iu  the  first  part  of  their 
course  behind  tbe  mouth,  and  in  thia  disposition  confirms  the 
conclusion  Cto  which  the  isolation  of  its  arrihi-ccrebram 
leads)  as  to  its  nervous  system  being  preserved  in  a  primevnl 
or  archaic  condition. 

It  appears  that,  just  aa  there  is  a  tendency  in  the  primarily 
latcrml  nerve  ganglia  of  bilat^^rally  symraetncal  animals 
move  towards  one  another  and  fuse  in  the  middle  line  of  thfl 
body,  1)0  also  \\w.tc  \%  another  and  similar  tendency  for  pri.' 
marily  diittinct  and  isolntex)  ganglia  to  travel  either  backwards 
or  forwards  (usually  forwards)  along  the  lateral  cords,  aiut 
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1ft.  I.^Diaicnai  of  the  utcnor  portion  of  Uie  nervoiw  iTSlrm  of  Jpmt 

tantrifofmii  tetM  ftuni  below  (conttmeted  trom  Zadilaoh's  Ggurts). 
'C.  Attbi-oenbtum. 
IfK  (Btophigv*. 

l<7. 1.  Pmit  pa*t-c«mbrd  Rugliott. 
\G.  i.  Soccmil  poit-wfcbnl  ganglion  (ganglton  of  Ihe  mandibular  teg. 

MO. 

'  a.  3.  Tiiird  ji'itt-Mrelinl  mngllon  (gtngliou  of  the  mtiiitlarj  Hgmpot}. 

\a.  \.  t'uurtfa  po»t-cerebnl  (pjagNoa  (paglion  of  Ibc  Orel  llioraoio  teg- 

U  «■'.  Ncm  ta  tbe  firat  antenna, 

//^  in".  NcfTO  ta  tlu  tMKninil  antenna. 

f/7  au.  Nerrts  to  llw  mandible. 
[  IV  MS.  titttta  lo  Ibe  oiixilh. 

V  mp.  Necvu  lo  ihc  mailllipfdp. 
I VI  ik'.  NcTTM  to  the  dnt  tboncie  appemhge, 

frontal  nirrn. 
"w.   Nwr  lu  U>it  Irfl  ere. 

<rj7.  (bofiliiigari  pnglton  Jmpar 
to*.  Poatcriof  oMpbtf^l  ncm. 


ijvte  with  neighbovrivg  ganglia  of  the  mme  tide.    Thittcu- 
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dencT  is  most  obrioosly  cshibitMl  tn  the  MoUntca,  and  in 
tboM  snimals  ilfrct*  more  eipeciallj  the  i>art  whicb  hui 
internt  in  coniiection  with  tlie  moqahoto^T  of  Apus,  lutaKly, 
the  adjaceDt  prxonU  and  po<itoral  rr^ions. 

It  IB  now  sell  catabliBhcd  that  thv  archi-ocrebram  (tbs 
primitirc  pncctomiol  ganiilion)  of  Gaslero|K><ls  may,  as  it 
wtro,  attract  to  iUclf  jcauglia  developed  on^iinally  at  a 
distance  from  it,  which  were  connected  to  it  by  nerse-cordi, 
and  may  be  detcribrd  as  running  np  thcae  cords  to  (ate  with 
the  arclii.ecTebrun],Rnd  thnu  to  constitute  a  complex  oerebral 
Caiigliitu,  containing  altujcctUer  uew  morpholo^^ical  elements. 
Sucb  a  proccssof  complicating  the  prsoesopha^eal  ganglion 

r'r  is  sorn  moat  obnonaly  (to  mention  only  one  example) 
tbc  Nndibranchiata  (Gegenhaiir,  English  translation, 
p.  S48),  aiid  a  dnr  apprcciiition  of  the  (loaiibilitiei  of  shifting 
and  fuairin  of  primarily  distinct  ganglia  thna  opened  out 
aSbrds  the  l^ey  to  the  very  varied  structure  of  the  gaugltoa 
group*  of  the  cephalous  )lolluica.         '  I 

Whilst,  then,  we  distingtmh  the  original  ganglion  pair  of 
the  pracstgmial  region  as  the  arcbi-eerebrum^t  is  well  to 
designate  by  a  distinct  term  the  eompO!>ite  ganglion,  which 
may  result  from  the  fusion  with  it  of  other  ganglia — it  may 
be  called  a  syn- cerebrum.' 

In  tbc  Chiutopudn,  the  pric-oisophagcAl  ganglion  appears 
alwftjri    to    remain    a    pure    arcJiietfrebrw:       But    in    the 
Craataoea  (and  possibly  alt  other  Arthr»{>oda,  though  tbcro 
is  a  case  to  be  considered  for  Peripalus  and  for  the  Hexa- 1 
poda  and  Myriapuda,  on  the  sup|>o«ition  that  their  anteuntej 
arc  nol  the  e<]uiTalents  of  Crustacean  antennae  but  of  tbaj 
proceaaea  of    the   cephalic   lobe   of    ChKlu|Hxlu)   the   pi 
oesophageal   gaaglion   is   a  tt/n-rtrcWvm  consisting  of  tht_ 
urchi-rerebnun  and  of  the  ganglion  masaes  appropnutc  to 
the  first  and  second  pnirof  «ppcn<la;;c8  which  were  originally 
postoml,  but  have  assumed   a  prxoral  position  whilst  cairy-T 
iDg  their  gairglion  masaea  up  to  the  arc  hi- cere  brum  to  fa 
with  it.     This  is  true  of  all  Crustacea,  excepting  Apus  andj 
jioHsiblr  some  other  Phytlopodi,  and  in  possessing  a  widel) 
iMilated  and  pure  archi-cnrcbrum  (woodcut,  fig.  'i,  V)  Apul 
stands  forward  in  a  trtry  murkeil  [HMition. 

The  only  other  case  sninnffsi  aduU  Arthropods,  in  whEck  it 
nppejirs  with  certainty  that  the  so-ealled  cerebral  gangUui 
is  a  pure  arelii-e«rcbrun),  is  thnlof  Limoloa,*     Whilst 

'  1  sn  swsni  of  llie  flhjectka  wliicb  may  bs  lst«a  ta  Vke  eonpu 
in  ihr**  irmu  nt  Ureek  prefltts  with  I^iia  iiibslanliTB*i  but  I 
sliM'iBtirfl. 

'  D*lloar  lis*  ikvwu  thai  in  spUen  tlie  gaagliaa  of  Um  Dli*li«ir»  n 
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iti*«sti)iatont  ii»ve  traced  the  tiervea  o(  tlie  two  first  append* 
a;^  of  LimultiH  to  the  cerebral  g;an^liDu,  and  othcr«  have 
tiecided  that  oiily  ouo  (the  tirst)  pair  dL-rivc  their  Dvrves  from 
this  ganglion — it  appt-nrs  from  the  adinirihltt  researcbei  of 
M.  Alpbon«c  Mil  nu-Kd wards,  that  none  of  the  appendages 
receive  their  ner^-es  from  the  cerebral  ganitlion,  hut  that  it 
exi»ta  as  a  distinct  emargioated  mass  of  ncr>-ou«  mutter, 
giving  off  Dcrvn  oiUy  to  the  simple  and  compound  eyea  uud 
the  froaul  inUtgiimcnt,  as  ahovn  in  the  woodcut,  fig.  3. 


10. 3. — DiaRTom  of  the  anlRrinr  portion  ot  the  Dcrvou*  ijstcrn  of  lanu- 
tmt  mefyplMmuM,  seen  ftom  bciow  (idwDUliMd  after  Alplioiuc  Uiiiie- 
Edward.). 
S,  PmhioN  of  nioobagiu. 
I  C  Atelii-wrebtum. 

Nerrw  to  tke  coMpomMd  vjm. 
\lg.  PfonUl  ICKuiiivnluj  'terre*. 
fit.  N<-rTo  In  the  •temmnta. 
'  fki.  NcTTr  to  ibc  efailiuii  (l«A  ^de}. 
Of.  Unne  (o  llie  ufMrcuIuni  (left  tide). 
/.  Neim  »t  tke  cMliocrai  or  Anl  pair  of  sppmiliKBt. 
//  til  yi.  Ncrvu  of  the  iceonil,  lliinj,  fouitli,  niih,  oail  lixlli  pair*  a( 
appendagta. 

An  attempt   haa  already  been  made   to   inreatignte   the 

CTalopnuat  postocal  uul  diuioe*  from  Ike  Bicki-aetelxiuB.    TJiii  Jwraal, 
jiril,  IHUa 
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inlinxile  structure  of  the  oerrhral  ^uglion  of  Arthropods 
{e.ff.  of  Aatacus,  of  UUcta,  and  of  Limutus).  It  appears  to 
IQC  that  it  nil)  be  of  very  great  importance  in  tbis  aaal*fiu 
to  dctvrmiac  6rst  of  M  the  charnvtcri«tic  structure  of  tho 
arch i-i:«rv brum  of  ChiGtO)iiKia,  of  Apiu,  and  of  Limulus 
and  then  to  adTance  to  the  cumpoaite  9;^u-cerebra  of  the 
hi^bor  Crustacea,  when  it  may  be  possible  to  diatin;;uish  as 
ditttuct  morphological  elcmcut*  the  uiick-us  furnished  by 
the  arehi-cerebnim  and  the  later  aci'rotionii  of  primarily 
poetoral  |i;an;;lia.  Po^ibly  such  a  mi^thud  of  aualvsis  may 
help  in  uccidiDj!;  vbethcr  the  llciapods'  and  Myriapods' 
BDtcunn  is  a  true  outgrowth  of  the  ptK^tominl  region  (tike 
the  tactile  procc»sc«  of  Chietopods)  or  n  postoru)  appeodage 
vhicb  haa  moved  forwards.  ^^t 

Kelumin];  again  to  the  woodcut  diagram  of  the  aateri<i^^| 
portion   of   the  nerve-cords  of    Apus   (fig,    a),   it  will    lie 
observed    that  there   arc  some  other    remarkable   featum 
l>eaides  the  pure  urchi-ccrcbrim  and  the  iridelj-  aepantod 
position  of  the  lateral  nervc-eords. 

The  nerves  to  the  first  and  lo  the  second  antennie  come 
oB*  from  the  lateral  cord  just  iu  front  of  the  elongated  gan- 
glionic swelling  (G  I),  which  is  joined  to  its  fellow  of  thcoppo. 
oilc  *idc  by  two  transverse  commiKunmt,  iu>  are  the  mote 
|K>xterior  ganglia.  A  Mrcondary  OMOpbageal  rtug9urrotiniliti;r 
the  dotted  area  of  the  cesoptiagim  (IE)  is  given  off  from  the 
anterior  of  these  transverse  eommissurcs,  whieh  arc  hot 
post-ocsophagral,  and  aecordingly  dvlcrrainc  the  ganglia  (<? 
m  post-cesophagcal. 

file  question  arises  wbetlior  these  elongate<l  ganglia 
nreticnt  the    fused   ganglia  of  the   auietiua  and   antcnn. 
roasibly  they  do;  in  any  case  it  is  an  altoi^ctbcr  remarkabli 
fact  that  there  csi^ls  in  Apus  ■  p:iir  of  ganglia  behind  tbi 
usophagu*  m/roul  of  the  juiir  which  arc  appropriate  to 
niaiiilible*. 

There  is  no  aucb  arrangement  known  in  any  other  C 
tacean  excepting  in  Limnctis,  where,  according  to  Oru 
there  arc  actually  (tea  distinct  pairs  of  ganglia  in  this  poM- 
lion,  the  interior  of  which  9iupplii.-4tbr  second  jwirof  autt-nn 
with  nerves,  wbiiiit  the  first  pair  of  autenuffi   are  snpptii 
from  the  lateral   cords   at  the  base  of  the  eerebtnm.     O 
account  of  the  small  size  of   Limni-tis  some  doubt  may  ha 
rntcrtaiocd  as  to  the  complete  accuracy  nf  (irubc's  obwr 
linns,  hut  thvy  tend  very  strongly  to  eitablish  the 
accuracy  of  lliose  of  Zaddach  opou  Apus'. 

'  1  hs**  avl  bwn  sbl*  ia  mj  tftcmicat  nl  Ap'it,  nn  scoount  nf  I 
■tat*  of  jmwrrtliGii,  to  make  dtuecLious  o(  tba  MTVowt  ijttm  i  I 
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It  is  quite  possible  that  in  Apus,  owinf;  to  the  dimiiititive 
size  and  rudimcutftry  chnractvr  uf  lioth  pire  of  HoteniuB,  the 
gauglia  ftppropriale  to  tliein  hare  not  fu»ci]  with  dhj  others, 
liiit  lnk\f  eul'trely  diaappeared  from  tht;  Uti^nd  cords.  Tliis 
[lo^utibility  i)>  forced  upoa  the  attcntiuu  by  the  tact  that  the 
ticrrc  to  the  mitxillipvdcs  comes  off  ou  each  side  from  tbe 
Uterul  cord  ami  htui  no  gutigiionie  cnlai^cmcut  related  to  it 
(('  mp).  The  maudibleii  and  the  mnsilla:  hare,  on  the 
other  hand,  each  a  perfectly  distiuct,  widely  »«]farate  pair 
of  ganglia  (G  2  and  G  3},  the  pairs  bcin;;  connected  each  by 
two  tranarerie  cummiii:«unil  strando.  When  the  thoracic 
regiiin  i«  reached  the  uerve-cortla  approximate  more  clo»eiy 
lo  the  middle  line,  but  a  distinct  ^an^tlion  pair  is  developed 
for  each  )Mir  of  thoracic  feet,  ol'  wliich  the  iirst  only  ia  seen 
in  the  fi|;urc  (VI  M'),  Posteriorly,  the  giiii^lia  arc  very 
closely  set  npuii  the  curdii,  hut,  accurding  to  the  vtntcmcut 
ol  Zaddach,  there  ia  a  distinct  ganglion  for  each  of  the  feet, 
even  to  the  smallest  of  the  abdominal  (post-<i;enital)  aeriea. 

The  facts  as  to  the  Dcrvoussystcm  of  Apus  which  1  have  above 
cited  from  Zaddnch  appear  to  deserve  rerv  scrioiia  attention, 
since  they  tend  to  »ho<r  that  the  nervous  system  of  Crustacea 
c»)nsi>'tB  primarily  of  an  arch i- cerebrum  and  ot  two  lateral 
cords,  and  that  »u  each  cord  ia  a  ganglion  corresponding  to 
each  appendage;  that  the  cords  tend  to  meet  one  another  in 
the  middle  lino ;  that  when  appendages  become  rndimentary 
[e.g.  the  maxillipedes]  their  ganglia  may  tUsappear;  that  the 
first  poNtorml  ganglion  pair  ia  not  in  all  eases  that  of  the 
mandible* ;  and  finally,  that  (he  nerves  of  the  two  lirst  paira 
of  appendages  arc,  iu  certain  thoroughly  typical  ('ruatacca, 
given  off  from  the  lateral  eonls  at  a  point  far  removed  from 
the  archi-cvrcbrum. 

Whether  the  ganglion  (G 1 )  has  any  rclntion  to  the  nervca 
of  the  firat  and  Koond  antenna:  might  possibly  be  determined 
by  a  mionMcopical  examination  of  the  roots  of  those  nerves. 

Id  the  course  of  the  foregoing  pages  I  luivc  alluded  to 
aomc  pointa  of  reaeniblanee  betirecn  Apus  and  Limulua, 
titc  mOMt  imiwrtant  being  the  jaw-processes  at  the  baae  of 
all  the  ambulatory  limbs,  and  the  preaeuce  of  a  pure  archi- 
cercbrum  in  both  genera. 

I  should  wish,  honever,  to  guard  a;;niiiat  the  inference 
that  I  couhider  any  close  affinity  to  obiam  betneen  Apua 
and  Liuialua.  j\pus  appears  to  me  to  be  an  archaic  Crus- 
tacean,  and    Limulus  an  archaic  Arachnidau   (not   merely 

llwrefara  be  very  fralcfttl  la  an.T  uKlaralist  abo  aouiJ  attid  lo  DM  by  pott 
peifeeilj  fieib  litiug  euaiiUs  of  Apaa. 
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•'  related  to  "  the  Araclmida,  but  definitely  to  be  claBse<l  ii 
that  group).  The  point*  in  which  thoy  agree  arc  probabt] 
puint*  ID  vliich  tlicjr  both  ttppr»a4:h  the  coniinoti  aDCestoro 
the  Araehnida  and  Crustacea — but  e«ch  of  tbem  prevent 
clearly  and  definitely  the  dominant  and  distinctive  struciuta 
attributes  of  >t«  own  cht*  or  branch  of  the  pedigree  0 
tfaoHC  Ai>pendiciilaia  which  have  appendages  mo<lificcl  to  aecv 
aa  jawa — uamely,  tlie  Arthropods  or,  betier,  QnathojradN 


NOTKS  AND  MEMORANDA. 


OUiia  on  IntTftoellalai  Digettion  in  Hydrosoa. — Pfofcssor 
Qiiu,  of  Viuuio,  hiw  writtca  to  us  to  [toint  out  that  in  lS7i  he 
hul  uublialied  Dbserviitionv  on  tUe  junaboid  movements  of  the 
Cndooerm  cells  of  th<;;  fllomnch  tube  of  Siphononhora  (Mono- 

{ihjrcs},  and  bad  concluded  from  them,  and  from  tbe  presence  of 
orrieu  bodies  within  the  ceU-sab«tancc,  that  food  particles  might 
Im  tiittti  iQ  by  tliis  same  method.  In  his  paper  on  Halii^tcmmn 
('Zool.  Arl>eiten  aux  dcr  Wit-ncr  In»tilut,'  p.  37),  publUhfid  in 
iSTS,  he  »ay«,  "I  liatc  alreadv  cUewhere  given  an  account 
('  Schrifi.  Zool.  Inhalta,'  AVicn,  1S71,  pp.  SO,  31 )  of  the  amaboid 
proeesaes  and  of  the  movements  which  the  ciliated  stomach-cells 
of  the  polyps  eihibit  durini;  life,  which  fullr  explain  how  it 
comes  abon't  that  forei^  bodies,  such  as  exploded  thTcad-cells, 
are  so  frrquenllr  found  in  their  protoplasm,  i'robably,  also,  the 
obmrtatioiH  of  C.  Vogt  (' SiplioDOphorcn  ton  NiatM,'  185-1-, 
p.  102)  upon  the  cnlrr  of  tminll  indigo  particlm  into  the 
TacoolcH  of  the  celb  are  to  be  explained  in  thi^  wuy,  although  no 
doubt  the  vacuoles  were  crioneonsly  interpreted  by  him  «a 
•hallow  cavities  or  open  gUnd-sacii." 

Profi^wr  Clans  appears,  therefore,  to  have  been  the  first 
obtcn'cr  to  sof^gcst,  as  the  result  of  direct  observation  of  a 
IlvdroKOOU,  tlial  its  cododenD  cells  were  capable  of  ingeatiog 
solid  food-particle*. 

Kent's  Huina]  of  the  Infusoria. — iXi.  SarJIIc  Keut's  treatise 
OR  the  Ciliat«  and  >'IagvlUtt:  i'roloxoa,  now  in  course  of  publica- 
tion, is  a  carefnllv  executed  and  valuable  work  of  reference.  The 
existing  English  oooka  on  the  subject  are  ^uitc  out  of  date,  and 
there  are  not  complete  systematic  treatises  on  the  aubjcd  in 
other  languages. 

Hence  the  tutoralists  {who,  wc  are  gUd  to  know,  are  as 
nnmemu!*  ai  ever)  who  oocupy  themselves  with  the  special  study 
of  microscopic  otvanisrax  have  uo  standard  of  reference,  no  Irust- 
wortliy  ^nide  eith«r  to  enable  them  to  a»ign  a  name  lo  the 
forms  w  .1  tttey  observe  or  *<j  ntisfy  themselves  that  a  novelty 
has  come  t>eforc  them.  Mf.  Eent'a  manual  will,  by  its  very  full 
and  Gomjik-tc  series  of  illustrative  platea  and  the  dear  sTstematic 
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dcscriptioBt  vhich  !ic  Iim  drawn  up,  rfficienlly  mipplj  the  vut 
we  luTc  indicated,  30  far  bs  the  oiliate  and  flagellate  forms  are 
concerned. 

Mr.  Kent's  work  also  embraois  the  geDeral  anatom;  and 
physiology  of  the  ciliate  and  ftagellate  Pixitozoa,  in  daling  with 
which  he  shows  himself  to  b«  tborooKhlj  acquainted  with  the 
most  ittxiit  lilmtiire,  and  also  a  akUfut  eipoDent  and  able 
original  obien-cr.  Mr.  Kent  still  maintains  Jamea-Clark's  view 
OS  to  the  close  affinity  of  the  yiagillata  and  the  Sponges,  aod 
altboagb  not  altogether  an  acceptable  theory,  it  serves  in  Mr. 
Kent's  bands  to  girc  n  special  interest  to  the  Tanoas  forms  and 
colonics  of  the  FUgeltntc  Protozoa. 

Vfc  arc  glad  to  Lear  that  a  volume  on  the  'British  Botifeia,* 
by  Dr.  C.  T.  Hudton,  of  Manilla  Hall,  Bristol,  who  wQI  always 
he  renienibered,  not  only  for  his  namerou*  contributioBS  to  our 
knowledge  of  this  group,  but  especially  for  his  discovery  and 
clear  illustration  of  the  most  important  member  of  the  groap, 
namely,  Pedelhn,  is  in  course  of  preparation  for  the  Bay 
Society.  Dr.  Hudson  will  have  the  atlvantsge  of  maktog  oae  of 
all  Mr.  Oossc'e  beautiful  dmtriugs  of  Butifcra  which  that  vetcntn 
stndent  of  microscopic  organisms  lias  placed  at  his  disposal. 
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^  M«  LvMrnATlc  Svstkm  of  the  Skin  awt/  Mucous 
MuiiBRANEs.  IlT  E.  Klbim,  M.D.,  F.R.S.  {Willi 
PlttUs  XXI  and  XXII.) 

dVu  tbo  Uepcfft  of  Ibe  MedinI  OSo«r  of  tba  Local  OovernmeDt  Boftrd 

(or  1879.) 

Ik  No.  Ill  (New  Series)  of  the  Keports  of  the  Medical 
^Sicer  of  the  I'rivy  Council  and  \mcm\  OuTurnmcnt  Board, 
-^  have  given  an  crxieiiaive  suniiuary  of  an  analomical  in- 
cittgation  of  the  lymphatic  eyslem  ot'\he  m-tous  membranes 
ml  the  lung,  carried  on  during  1871  and  XHVi,  witli  special 
Reference  to  the  prooeas  of  chronic  infective  inltainmation  and 
tuberculosis. 

These  inrMttgntioni  having  bvcn  published  in  ttn  extended 

form,  nith  tliv  sanction  of  the  then  UedicAl  Officer,  nod  by 

the  aid  of  the   Roynl   Society,   as  '  The   Anatomy  of  the 

Lyrophntic  Sy»lc.-m.'  Fart  I, "  The  Serous  Membranes,"  1873 ; 

p«rtlI."Theluox,"  1876. 

With  the jtcrmission  of  tho  late  Dr.  Seatou  and  the  pre«cnt 
Medicxl  Officer,  1  have  been  able  to  icsum*  these  lovesti- 
gatioD*  and  to  extend  ihem,  dutiog  the  past  two  year*,  to 
tbo  lymiihatic  sysleni  of  the  skin  and  mucous  membianes, 
and  OD  these  I  propose  to  report  in  the  following  pages. 

1. — Tub  Ltupiutics  of  thb  Skik  of  Uak  and 
Mammals. 

1,  In  Bccordoiice  with  the  ob^rvations  of  Tuichmnnn, 
published  in  his  cUesical  work:  'Das  Saugaderaysteni  vom 
Miatoinischen  Standpimklc,'  Leiinig,  1861 ;  also  I.  Neumann, 
in  his  recent  investigations  of  tho  lymphatica  of  ihc  skin 
(•  Zur  Kcnnlnias  der  XymphgoHissc  dcr  Uaut,'  &c,,  Vienna, 
187.1),  illatinguishes  the  su[>erlicia)  from  the  deep-seated 
lymphatics,  both  forming  a  plexus,  i.e.  the  supcracial  and 
ihf  deep  pli-xiis.  The  former  is  denser  and  its  vcsevU  finer 
than  in  tlie  latter.     O.  and  F.  lluggan  ('  Proceedings  of  th^ 
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Koyal  Soaetj,'  No.  1»2,  p.  aSti')  describo  the  lympbfttica  ot 
the  mammnliaa  skin  a3  cottsistiBg  of  a  plesu«  of  "  r^ubcpi- 
dvrmic"  nad  one  of  "  subhypodertnic  "  vmmI*  ;  bolli  are 
couuectcd  by  the  "  dermic  "  vcucU  which  form  horizouul 
ftnd  veilicaL  »ols. 

All  these  authors  agree  thai  the  superficial  vesaeU  are 
eapiUarie«,  while  the  deep  ones  are  thv  efferent  veudi 
poawMcd  of  valviM,  and  G.  and  F.  Hoggaii  consider  alw  the 
"dermic"  vessels  as  possessed  of  valves. 

Both  Teichmaoa  and  Neumann  noticed  lymphatica  in  the 
poipilUc  of  the  curium  i  they  are  branches  of  lite  superficial 
plexus.  According  to  the  fonnvr  the  papilUa  of  the  band 
and  foot  contain  each  a  lymphatic  vessel  tenoioatins  in  a 
Cffical  extromityi  but  always  less  superficiBlly  than  the  Dlood 
capillaries.  Neumann  saw  in  all  well-formed  papillie  either 
a  single  lymphatic  terminating  in  a  ceecal  excremity  or  a 
loop. 

U.  and  F.  Ho(;gan  deny  the  existence  of  these  papillary 
lymphatics,  but  Uiik  i«  probably  owinff  to  their  having 
studied  oolv  the  skin  of  mammals,  whicn  generally  do  not 
possess  welUformed  papilliD.  In  well  injected  specimens  of 
mammalian  sJcin,  however,  indications  of  papillary  lymphatics 
are  undoubtcilly  present  {aeo  below). 

a.  The  lymphatic  vessels  referred  to  here  and  in  the  fol- 
lowing as  the  deep  oSsreat  vessels  are  distinct  from,  and 
much  finer  than  the  vessels  which,  being  the  collecting 
vessels  of  large  cutaaeous  districts,  run  between  the  akio 
and  the  subjacent  organs,  as  fascite,  tendons,  &c.  These 
tubes  arc  possessed  of  a  coinpaiatively  thick  wall,  composed, 
besides  the  lining  endothelium,  of  an  elastic  intima,  a  circular 
muscular  media,  and  a  thin  connective<tis8Ue  adventitia.  In 
this  respect  they  conspicuously  diSer  from  the  lymphatics 
bcloDging  lo  the  shin,  whose  wall  is  merely  «  single  layer  of 
endothelial  pl.itce,  cither  more  or  less  elongated  with  straight 
or  sinuous  outlines,  an  in  the  deep  and  luger,  or  sinuous  iti 
shape,  as  in  the  superficial  smaller  vessels. 

The  coUectiug  vessels  poesesa,  as  shown  by  Biesiadecki, 
hnr  own  system  of  hlood-vessels,  eonsislin^  of  an  nrteti&I 
and  venous  branch,  and  a  network  of  capillaries. 

A.  I>ogi(il  (niitc  recently  ('Archiv  (.  Mikr.  Analotn.,' 
vol.  xvii.p.  335)  demonstrated  the  existence  of  a  network  of 
blood  capillaries  surrounding  the  largo  rflcrent  (eoLlectii 

'  I  hara  DOt  bsca  abt*  ta  find  wfaen:  tfac  full  papi*  of  thoc  aaLh 
nrinlcd,  and  I  an  Ibcrefora  Ihtuted  to  tbe  "  Ahalraet  "  pulilitbed  ; 
PnicrodiuEi.'    Tknxu^  iba  kiaiUitn  ot  tite  sallton  I  line  iMninl  (piil* 
reocntlj  (U*;,  Ibitl)  lE*i  thab  Muer  hai  been  iniliUUud  ta  llie  '  Jnnc    ~ 
ds  I'Aiulavic  ut  PhjiMoflo,'  by  uotna  tad  f onohtt,  Itot  sod  fsh,  Id: 


tTMFtUTIC  srSTIU  OP  BKIM  AHD  UVC0U8  HBMBKANIEJ,    £181 

Tessels  itnderneath  tho  skin  of  the  oar  lobe  and  or  the  Uiad 
cxtrvinitjr  of  the  rat,  in  the  mesentery  of  the  cat  and  the 
dog. 

8.  In  studying  the  lymphatics  of  the  skin,  it  ii  uecessanr, 
aa  wo  shall  show  by>aud-bye,  to  consider  them  in  their 
relation  (o  the  various  oTgnns  of  which  the  ^kin  consists,  for 
they,  \i%.  the  lyiiiphalicit,  as  well  »x  the  blood -vessels,  as 
ehowu  by  Tomsa,  stand  in  a  special  relation  to  those  organs. 

We  vhall  then  consider  tfacm  us :  a.  Tho  lymphatica  of 
the  conuectiTe-tissuv  matrix  of  the  skin ;  u.  tlioso  of  the  fat 
tissue;  c.  those  of  the  sweat  glands;  and  a.  those  of  the 
hair-follicles,  sebaceous  glands  and  arrectoies  pili. 

Such  an  attempt  of  distinction  has  hcon  made  also  by 
NcumanUj  but,  as  I  shall  show,  what  this  observer  described 
as  the  lymphatics  of  the  fat  tissue,  hair-folttcles,  sebaceous 
glands,  and  sncat  glandn,  arc  merely  the  lymphatics  pf  the 
surrounding  connective  tissue,  and  do  not  m  nlrictucss  bear 
any  other  relation  to  those  organs  than  that  of  efferent  vessels. 
The  lymphatics  that  properly  belong  to  tboM  organs  have  not 
been  known  to  Neumann  or  to  bis  predeceMors. 

The  assenioiiA  of  O.  and  F.  Hoggan  aa  to  the  non-exi»lcncc 
of  lymphatics  in  the  fat  tissue,  hair-follicles,  sebaceoun  glands, 
annoclorcs  pili  nnd  sweat  glauds  have,  tike  most  negative 
results,  only  a  relative  valuu,  inanmuch  as  they  show,  what, 
however,  did  not  require  any  special  proof,  viz.  that  whilst 
it  is  comparatively  easy  to  demonstrate  the  lymphatics  of  tho 
oonncctive-tiMue  ground  substance  of  the  eiaoj  ihoee  of  the 
fiu  tissue  and  the  glandular  structures  require  special  methods 
and  attention. 

A. — 2H«  Lympliadct  of  the   Coimectt'c&^iaaue  Qrotatd 
Substance. 

4.  Tbeee  are  the  lympharics  that  have  been  known  to  all 
observers,  and  hare  been  r^piwially  studied  through  injectiuus 
with  various  colouring  matters  by  Teichmann,  Neumann, 
and  others.  Tbey  have  been  mentioned  on  the  precedins 
tmge.  Teichmann  as  nxtl  n:^  Ncumiinn  {and  also  O.  and 
r.  Hoggan)  consider  lh«;  .ibovo  lymphatics  as  the  ultimate 
vessels  and  as  not  possessing  any  direct  conuection  with  the 
surrounding  connective  tissue.  That  they  should  hav« 
arrived  at  such  n  conclusion  with  reference  to  the  con- 
nective tissue  need  not  surprise  us,  seeing  that  they  were 
not  able  to  demonstrate  the  ultimate  vessels  belonging  to 
the  fat  tissue  or  (he  glandular  structures  of  the  i<kin. 

5.  Tlic  methods  used  by  Tcichmunn  and  Neumann  seem 
to  be  altogether  anfavorablo  for  tUo  demonstration  of  the 
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ultimate  Ijrmphatics.  This  is  the  metbod  roUowed  bj 
Neumann  (1.  c,  p.  8} ;  "The  method  that  I  used  wu  Im 
modified  method  or  Hyrll-Teicbroann  ;  the  epidermis  having 
been  temoved  by  maceration  in  a  mixture  of  alcohol,  acetic 
acid,  and  frater,  and  al»o  the  rvit  of  the  tissue  having  become 
maoerateit,  an  incision  half  to  one  line  deep  is  made  with  a 
pointed  cataract  needle,  into  which  a  fine  tubule  is  fixed, 
and  the  inj(.-ction  through  a  fine  braas  syringe  is  proceeded 

with "     As  injection  material  Neumann  used  (1.  c,  p.  9) 

cxTmin-ammonia  in  conjunction  with  glycerine,  and  car- 
bouatc  of  lead  rubbed  down  in  a  little  glycerine.  On  p.  10 
he  informs  us  that  to  prevent  mistaking  the  lymphatic*  for 
blood-vessels  he  injected  the  latter  with  BcrUn  blue.  Bnl, 
to  our  profound  astonishment,  wc  fini)  in  (he  beautiful  plates 
accompanying  his  memoir,  unexpectedly  all  lympnatie* 
represented  as  if  iojected  with  Berlin  blue,  although  this 
pigment,  according  to  his  etatcment,  is  reversed  solely  for 
the  injection  of  the  blood- vesitt^ Is.  These  latter  are  repie- 
Rented  (in  the  plates)  as  if  injected  with  carmin-ammonia ; 
but,  according  to  his  statement,  this  is  the  material  which  be 
used  for  the  injection  of  the  lymphatics. 

After  this,  and  after  his  mentioning  (I.  o.,  p.  9)  that  il  li  I 
adrisftble  to  stretch  the  skin  that  is  to  be  injected  over  this 
left  finger  during  each   injection,  we  cannot  expect   ihal 
Neumann  should  hare  been  able  to  trace  the  ultimate  root* 
)el«  of  the  lymphatics. 

f>.  The  metliod  which  I  follow  is  the  same  in  the  cu«.of 
the  skin  and  mucous  membranes ;  it  is  this :  I  always  tue 
the  material  as  fresh  ae  possible ;  my  most  Eucr,ettful  speci- 
mens wore  obtained  from  skin  and  mucous  memhrancs  pre- 
pared immediately  after  death.  This  applies  equally  to  the 
structures  of  man  and  animals.  To  use  material  that  liad 
hixn  iircriously  mnccrated  in  alcohol  and  acetic  acid,  as  ni 
the  case  of  Neumann's  materia),  and  to  expect  that  tbe 
injection  would  reveal  the  finest  rootlets,  appears  to  m«  too 
sanguine. 

Human  skin  is  best ;  that  of  the  dog  and  rabbit  is  also 
good.  Of  the  former  the  Mralp,  the  skin  of  the  face,  of  the 
Iip«,  of  the  palm  of  the  hand  and  that  of  the  sole  of  tlie  foot 
are  those  parts  iliat  yielded  tin-  l>e«t.  preparations. 

The  method  of  preparation  is  that  of  injection  by  "  paoc 
turc."    This  is  always  performed  on  tbe  skin  in  titA,  not  0| 
■kin  cut  out  prevtously  am]  stretched  oTcr  the  finger  (I)  u  J 
ilone  by  Neumann. 

7>  Thv  injection  material  used  is  BrDcke's  Burlln  blue 
0  solution  of  two  to  four  per  cent.,  or  uphall  dissolred  iiT 
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benzole  on  the  plan  of  A.  Budgo  (' Archiv  f.  Mikr.  Anal.,' 
BftQil  xiv.,  p.  70).  This  latter  is  nn  vxcvltcnt  mat«rial  for 
injecting  the  fiaest  rootlets  of  the  lymplialica,  for  it  flows 
■vnlh  great  ease  and  rapidity  iind  hits  no  influence,  hardening 
OT  othertrisc,  on  the  tissue.  And  in  thcKc  two  respects  it  is 
greatly  preferable  to  any  other  injection  matter.  Bfrliu  blue 
or  nitniie  of  silver  possess  both,  especially  the  latter,  a  hard- 
entD^  influence,  and  cannot  be  expected  therefore  to  flow  as 
easily  into  the  most  distant  and  finest  rootlets  as  the  asphalt- 
benzole  solution.  The  most  successful  injections  of  the 
finest  rootlets  in  the  connectire  tissue,  fat  tissue,  hair- 
follicles,  and  glandular  organs  have  bc«n  obtained  by  this 
last-named  reagent.  I  must,  however,  add  that  in  some 
caaes,  even  with  the  nsphalt-bcnsole  solution  only,  the  lym- 
phiities  of  the  superficial  and  deeper  plexuses  became 
injected,  the  injection  matter  not  having  penetrated  into 
the  ultimate  rootlets,  although  the  former  were  widely  dis- 
tended. 

The  solution  is  made  thus  :  a  very  concentrated  solution 
of  asphalt  in  benzole  is  prepared,  and  before  using  it  it  is 
mixed  with  J  to  I  of  its  volume  of  bonKile.  Asphalt  in 
chloroform,  as  originally  employed  in  C.  Ludwig's  ]abort> 
tory,  is  not  so  advantageous,  and  still  less  asphalt  in 
turpentine. 

8.  Tho  injection  is  carried  out  in  this  manner : — A  fine 
steel  eanula.aa  fine  as  it  can  be  got, filled  with  the  injection 
material,  is  gradually  pushed  in  a  very  oblique  direction,  as 
horizontal  as  possible,  into  the  corivm  ttadf.  Injections  into 
the  deep  subcutaneous  tissue  do  not  yield  good  results,  at 
any  rate  even  in  the  moat  succcfsfiil  injocttons  one  does  not 
generally  obtain  much  more  than  an  injection  of  the  deep 
big  lymphatics. 

An  ordinary  hypodermic  syringe  filled  with  (he  injection 
mailer,  and  fitted  into  the  eanula,  is  then  gently  and  gradu- 
ally emptied  into  the  canuln.  In  a  succe^ful  injection  the 
skin  becomes  very  gradually  thicker  and  swells  up,  without 
becoming  bulged  out;  the  swelling  spreads  gradually  and 
uniformly  into  the  periphery.  The  mouths  of  the  ftair-fol* 
iidet  btconui  eery  amaptcuoux  as  ilcprnsiions  owing  to  the 
parU  between  them  gradually  projecting  l»eyond  the  general 
surface.  And  this  is  one  of  the  best  signs  of  a  successful 
injection.  Continuing  the  injection  the  skin  becomes  still 
more  swollen,  and  the  circumference  of  the  injection  also 
'|crcasea  accordingly. 

7  Owing  to  the  opacity  of  the  epidermis  ills  not  possible 
with  n  Ions  to  sco  the  lymphatics  themselves,  the  skin 
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pmtcnting  a  uaifortn  colour,  brownish  black  if  agphiilt  ic 
used,  blue  with  Berlin  blue. 

The  intensity  of  the  colour  and  the  swelling  n]>  of  the 
injected  Bkin  is  almya  greater  i»  the  fonncr,  i,e.  iisphaU,j 
than  in  Ihv  latter  cue,  ue.  Berlin  blue.  But  of  coutm?  this 
depends  on  the  amount  of  the  injected  material  and  on  the 
eue  with  which  it  spreads  in  tne  skin,  for  if  a  relatirely 
laige  quantity  is  injected  which  rlocit  not  sjireiid  into  a  com- 
naratively  lai^e  area,  the  skin  will  be  deeply  coloured  aiid 
It  becomes  rcry  thick,  owini;  to  the  lymphatics  being  greatly 
distended  by,  and  tilli-d  with  the  injection  matter. 

In  the  description  of  ihe  appearances  of  the  lymphatics,  to  ' 
be  pi»en  below,  we  shall  refer  only  lo  such  preparations  in 
which  the  injection  haK  been  ejected  with  great  cas«,  the 
skia  and  mucous  membranes  having  become  readily  injected,  i 
and  eliffhtly  but  distinctly  thicker  than  in  the  uninjectcd 
state ;  the  lymphatics  are  then  found  in  a  moderate  state  of 
distension. 

In  the  case  of  Ihe  mucous  membranes  where  the  lym-l 
phaiicB  ate  easily  recognised  in  the  injected  organs  with  iho 
unaided  eye,  the  tuocMsfu)  progress  of  the  injection  becomes  , 
soon  apparent  for  the  vessels  become  suddenly  filled  over] 
large  areas. 

'J.  The  skin  and  mucous  membranes  after  the  injection 
are  hardened  in  dilute  Hpirit:  three  parts  of  methylated 
spirit  to  one  part  of  water ;  or  in  a  mixture  of  two  parts  of 
I  I>er  cent,  watery  solution  of  chromic  acid  and  one  part  of 
methylated  alcohol ;  or  in  J  to  J  per  cent,  watery  solution  of 
chromic  acid.  When  sufBciently  hard,  K-ctiom  are  made, 
stained,  and  mounted  in  the  usual  manner. 

There  are,  however,  certttin  disadvantages  connected  with 
the  use  of  the  asphalt- benxole.  In  the  first  place  it  is  not 
»o  easily  managed  as  watery  solutions,  and  thia  of  course 
applies  to  all  other  similar  malcnuls  di^oked  in  turpentine, 
coioroform,  oil,  &e. ;  the  cleaning  of  the  wyringes,  canulss, 
tul>es,  and  instruments  require  a  deal  of  time  and  attention. 

In  the  second  place  the  difficulties  of  mounting  and  pre-, 
setTtng  the  sections  of  the  injected  skin  are  cotuiderable, 
Thi>«e  can  be  of  course  mounted  and  preserved  in  gtycsriui 
wiLJioul  any  difficulty,  but  the  seclion  lacks  in  transpatenej  ^ 
and  in  smoothnc^  uf  appearance  of  the  iojcelvd  vessels.    The' 
aeetions  cannot  be  pa'scrvetl  in  Cauada  balsam  ur  daminu 
varuioh  on  account  of  the  solubility  of  the  asphalt  in  balsami 
ui  turpentine,  and  chloroform. 

I  bare  succeeded,  however,  to  preserve  enecimens  in  « 
tian^aieut  itale  for  several  months  in  tuis  way:    tl 
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tion*,  afc«r  staining,  are   treated  in  the  usual  way  for 
uountinK  in  bslsani  ov  dammar,  viz.  ther  arc  placed  in  abso- 
lute alconol,  and  thcnia  oil  ofclorcs,  wlicro  they  obtain  the 
Ldesintd  tmnRparcncy.     Tlie  section  having  bci'n  lifted  out  of 
[tiie  oil  of  ctovejt  and  the  excess  of  the  Utter  having  been 
lallowed  to  run  off,  is  mounted  in  glycerine  jelly.     For  the 
Erst  month  or  two  the  lymphaticH  retain  the  asphalt  in  ita 
original  (bhick)  >ute,  but  thi»  becoming  partly  diHSotved  the 
TMseU  appear  then  filled  with  a  paler  (yellowish^brown) 
.material.     AAer   several   months   trie   material   still   more 
Fades   into   a   transparcut   yellovr,  but   the  vessels  remain 
ncTcrtholeHs  distinct. 

In  isolated  cases  I  hare  been  able  to  preserve  some  of  the 
asphalt  injection,  of  course  only  in  a  faint  brown  colour,  in 
tho  lymphatic*  of  the  skin  of  the  new-born  child,  even  in 
Motions  mounted  in  Canada  balsam  solution. 

10.  It  is  hardly  neoessary  specially  to  add  that  in  tho 
examination  of  sections,  both  through  the  injected  skin  and 
nucouR  membranes,  only  ituch  ])arts  have  been  selected  that 

I  sre  at  some  distance  from  the  point  of  "  puncture/'  so  that 
I  artificial  extiavasations  may  be  excluded. 

In  the  description  of  the  lymphatics  of  the  connective- 

tiasue  ground  subetanoc  of  the  skin  we  shall  take  first  those 

of  man. 

11.  In  a  vertical  section  through  the  skin,  0.y.  of  the 
hand  or  foot,  scalp,  or  of  the  face,  whose  lymphatics  appear 

I  well  injected,  most  of  these  present  thcmtelvef;  out  trans- 
'versely  or  obliquely  This  would  of  course  indicate  that 
most  of  them  possess  a  more  or  less  horizontal  direction, 
i.  0.  parallel  wiln  the  surface.  There  are,  however,  cotmect- 
ing  vessels  to  be  seen  in  all  layers  which  run  for  a  shorter 
or  longer  distance  a  longitudinal  course.  From  the  papil- 
lary IrOfiij  iio>cn  to  l/iP  layer  of  fJie-  <idipote  tissue  the  conneC' 
-tifstie  of  the  tkin  in  a  vertical  section  apptart  ttniformlw 
taded  by  these  lymphatics,  except  of  course  where  it  is 
"interrupted  by  the  presence  of  the  hair-follicles,  sebaceous 
glandx,  ami  Hweat  glands ;  a  distinction  into  a  superficial 
and  di'ep  stratum,  as  maintained  by  the  other  observers, 
cannot  be  well  maintained. 

12.  J.  Neumann,  in  his  above-quoted,  memoir,  gives  in 
fig.  1,  plate  i,  an  illustration  of  contuiuous  plexuses  if 
lymphatics  in  a  tertical  section  thruugb  the  ekin  of  the 
finger  of  the  new-hom.  Such  appearances,  viz.  a  continuous 
plexus  of  lymphntic^  in  a  ecrtieal  section,  1  have  not  met 
with  in  ntiv  pruparntion  of  the  ekin  in  eith£tf  man  or  mammal , 
and  X  doubt  whether  Neumann's  figure;  is  drawn  from  an. 


S86 


Dk.  I.  KLKIW. 


actual  reiticnl  uction,  or  is  perliaps  merely  a  dUgrainm«ti« 
repTCM-iiiation.  The  section  requires  to  he  very  obliqut,  ia 
order  lo  show  only  iippruximatvly  so  many  loDgitadioBi 
TCMcls  ns  are  here  drawn.  No  vessel  is  shown  in  thii 
figure  iu  IrnnsTcrec  section,  whcrcns  mo*t  lymphatic*  from 
Neumann'*  own  description  follow  a  horizontal  course. 

18.  As  recarda  the  size  of  the  vessels  s«cn  in  one  t< 
section  w<i  tind,  us  u  (general  rule,  that  the  majority  of  th< 
vessels  belonging  to  the  dv(![M-i(t  layer  of  the  coiium,  that  is, 
the  layer  containing  the  hair-bulbs  and  sweat  glands,  are 
larger  than  ihoKU  of  the  middle  layer ;  tkoM  of  the  Utter, 
again,  smaller  than  those  of  the  most  supeifid*!  layer,  i.e.  of 
(be  papillary  budr,  bearing  in  mind  that  we  arc  here  speak- 
lag  merely  of  their  relative  numericnl  proportion  and  of 
prenaiations  whose  lymphatics  hare  been  distended  to  a 
meaium  degree. 

14.  The  pnpillie,  especially  won;  they  are  well  developed, 
as  in  the  fingers,  scalp,  &c.,  contain,  as  alieady  described  t^ 
Neumann,  lymphatics  either  appnieutly  terminating  in 
pointed  or  exeat  extremities,  or  as  a  single  or  even  double 
loop;  and  I  hare  seen  pnpillie  in  the  finger  of  a  new-born 
rhitd  containing  complex  Ioo|»  of  lymphatics,  that  is,  a 
tpedal  nttteork  of  (heir  own.  Sappey  mentiooa  a  similar 
retatio  i  with  regard  to  lymphatics  of  the  papillee.  In  those 
parts  of  iho  skin  of  the  new-born  that  do  not  contain  well- 
develojted  j>apilla>,  the  lymphatics  arc  indicated  by  short 
prolongations  of  the  most  superficial  lympiialies. 

The  bc^st  view  of  the  lymphatics  of  the  p.ipillcc  is  obtained 
iu  a  thick  vertical  section. 

lb.  Making  a  series  of  horizontal  sections  from  the  papi 
lary  layer  down   into  the  ndiposo  ti^ue,  we  And  in  ea 
lection  a  beautiful  and  more  or  Us*  uniform  plexus  of  ly. 
phatics,  the  vessels  varying  very  much  in  size.     The  plesusea 
ue  of  course  interrupted  by  the  presence  of  the  liair-follicles 
tiid  ghtnds.     Correi ponding  to  the  above-nami-d  appearances 
in  tlie  vertical   section,  \'\z.  that   most   lymphatics    run  a 
course  parallel  to  the  surface,  wc  find  them  in  a  horizontal 
uction  chiefly  longitudinal  ;  only  few  vesselit  are  seen  cut 
Iratisversely  or  obliquely,  that  is,  those  running  vertically  or 
obliquely.     In  all  stiau  we  meet  with  vessels  which  appear 
lo   terminate   t'n  the   tissue.    Of  these  am  nt  once  to  hi 
omitted  those    which  on  focussing  can  be  seen  to  he  cu 
«w«y  obliquely,  that  is,  arp  rnnnir;^  to  the  next  i  i 
lower  «tniliim  ;  but  there  always  r>:mit<ii  n  good  mai., 
olwhitii  this  cannot  he  saiil,  and  wiiicli  renliy  tiriuiuutc  in 
(be  tissue;  they  Hre  genernlly  running  out  into  n  noiiow 
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cleft  or  cliannel,  or  trrmiTiate  vrith  a  cseeal  extroinitj-,  as  i» 
thn  case  in  gonii;  papilln-  (tee  below).  As  a  general  rule  we 
find  the  mojOTiiy  of  the  vessels  of  the  moot  su|H-Tlidiil  sttaltim 
Urgci  than  those  of  the  middle  layen,  and  these  af^aiu 
smaller  than  thotw.'  of  the  deeper  tections.  I  cannot 
a^ee  with  Teichmano,  Neumann,  and  others,  that  the 
lymphatics  are  arranged  as  a  superficial  and  deep  plexii*, 
than  that  thosr  of  the  former  are  finer  and  their  plexus 
deascT  than  that  of  the  deeper.  I  maintain,  on  the  contiary, 
that  throughout  (he  thicknen  of  the  skin  there  arc  horU 
lonlal  plexusc*  of  lymjilialics,  of  course  with  obliqu*^  or  even 
vertical  connecting  branches;  that  the  vessels  of  the  super- 
ficial layers  are  Uff;er  tlum  those  of  the  middle  layer ;  and 
that  there  is  no  absolute  difference  in  the  density  of  the 
picxusc-s  fer  the  vessels  are  tolerably  densely  arranged  ia 
all  layers,  but  r^lalively  less  *o  in  the  deeper  strain,  nwiiig 
to  the  !nt«'r]«>^ition  of  the  sweat  glands  and  the  hair  bulbs. 
16.  As  regards  the  shape  and  nature  of  these  vonscls  ihcy 
appear  more  or  less  tubular,  but  many  of  them,  and  this 
leiers  to  all  layers,  including  the  papillary  stratum,  are 
irregular,  since  they  show  isolated  saccular  dtlatations,  or 
appear  through  a  sucoMsion  of  them,  more  or  less  Taricoit. 
In  all  layers  very  fine  veeseU  ate  seen  to  'join  tubes  many 
times  la^er,  and  one  and  the  same  vessel,  if  followed  for  a 
distance, may  besiitn  to  change  ils  calibre.  In  these  rsspeets 
the  lymphatics  comport  themselves  like  those  of  other  organs. 
Following  in  a  hori^onlnl  section  under  a  higher  power  the 
outline  of  some  vessels,  eajiecially  of  those  that  run  out 
freely  into  the  tissue,  it,  viz.  the  outline,  will  be  found  not 
quite  smooth,  but  showing  from  place  to  place  minute  dis- 
continuities and  irregularities,  which  give  tlur  vessel  a  more 
ec  less  creoate  appearance.  This  has  been  observed  also  by 
Sehenk ;  its  significance  will  be  explained  Inter  on. 

All  lymphatics  are  lined  with  n  single  layer  of  elongated 
endothelial  plates,  and  tn  this  respect  they  do  not  dilbr 
from  other  lymphatics,  ilesides  this  endothelium  there  is 
no  other  tissue  which  can  be  called  iticir  own,  except 
the  trabecule  of  the  ground  substance  forming  their  outer 
support. 

,  17.  Teichmann,  as  well  as  Neumann,  mainuin  that  only 
j^K  lympliatica  of  the  deep  subcutaneous  plexus  arc  pos- 
^Bed  of  ivlves. 

^E.  and  F.  Hoggan  ascribe  such  also  to  their  "dermic" 
^KeU,  that  is,  to  those  extending  as  horizontal  and  vertical 
^B  of  vessels  through  the  whole  thickness  of  the  akin. 
^^  agree  in  this  respect  with  G.  and  F.  Hoggan,  inasmuch 
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i»  I  find  that  tbete  itze  lymphatic*  nitb  taItm  in  al]  lay 
of  the  Bkio. 

18.  Contiiiuitig  tlin  horizontal  sections  bolow  the  sa 
cntaneotui  tissue,  i.^.  into  the  adipose  tissue,  we  find  tha< 
the  connective- tissue  scplH  between  the  lobules  of  the  latter, 
which  in  the  ncw-lwm  child  are  very  well  miirked  and 
regulaiy  arranged,  contain  eery  numerous  lymphatUt;  these 
in  well-injected  specimens  appear  as  plexuses  of  denHel^ 
placed  vessels  and  clefU,  situated  between  the  Inmcllic  con- 
stituting those  Mpta.  They  will  be  later  on  described  as  the 
interlobular  lymphatic*  of  the  adipose  tissue.  The  Teasels 
an  smaller  than  tho^e  of  the  subcutaneous  tissue,  and  they 
pus  into  the  plexus  of  large  Ij-mphatics  situated  undvmeata 
the  adipose  tissue. 

I'J.  A  Tery  interesting  obserration  that  I  made  in  the  akin 
of  •  child  that  had  died  during,  or  very  soon  after  birth,  was 
this : — The  skin  was  covered,  as  usual,  with  a  thick  layer  of 
the  secretion  of  the  sobocoons  glands,  but  in  vertical  and 
horizontal  sections  through  the  hardened  skin  lymphatic 
Tessels  in  all  diSVrent  layers  could  be  seen,  c^ntainittg  m 
Man*  initriortmaUtmdiargtelttmptiiftDhtawaMtmdotAuilg 
th«  iome  «e^iti  as  that  <m  tkt  five  twfaea.  In  the  laim 
lympbaiica  of  the  depth  this  was  especially  tery  easuy 
ucertained. 

Wo  shall  presently  have  to  return  to  thia  iact,  and  it  wiU 
then  become  clear  how  this  sebum  found  its  way  into  the 
lymphatics,  and  of  how  great  importance  this  it  in  the 
understanding  of  the  absorption  horn  the  external  sarbw 
by  the  lymphatics  of  the  skin.  At  present  wo  wish  to  point 
out  that  the  mouths  of  the  bair-folUcles  were  greatly  dis- 
tended by,  and  filled  with  this  sebum. 

SO.  The  lymphatics  of  the  skin  of  the  dog  are  similar  in 
their  arrmngcmcnt  to  those  of  man,  and  for  this  rraxon 
shall  be  able  to  be  brief  in  their  description,  especially  sin 
we  can  refer  the  reader  to  the  figures  1,  3,  S,  5  of  thi 
Plates  accompanying;  this  report.  These  illustrations  a 
their  explanation  printed  nt  the  end  of  this  paper  givo  an 
accurate  and  sufhcieutlT  cI'Mt  idea  of  the  distribution  and 
nature  of  these  lymphatics.  It  will  he  thus  sevn  that  the 
lymphatics,  even  of  the  most  superficial  layer  (Fig.  S),  ara 
large  vesseU,  tome  of  which  present  all  appearances  asKh 
daied  with  valves  in  lymphatics,  vii.  saccular  dilataiimu 
and  corresponding  constrictions.  The  vewteU  of  thii  snper- 
fioial  layer  are  very  densely  pUeed,  and  iher' '  ficirt 

eatenaion.    Owing  to  the  amngenient  of  the  li.j  .i>u]w 

of  four  to  six  or  more  haii-foUicl«s  of  unoqnal  thickness, 
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th«  plexuic*  or  lympliattcs  iiro  not  uoifonn,  being  limited 
to  tJie  vonnecure  ti«ue  (eparating  or  surrounding  tbes« 
groap«. 

The  aeprn  of  tlie  adipose  tissufl  posseBs  rcwcr  interlobular 
lymphatics  limn  in  man. 

HI.  In  wliat  ooiinvotion  do  the  above  lymphatics  &tand  to 
the  blood  veiiselit  ?  Iloth  in  the  skin  of  man  and  mammals, 
but  more  especially  in  the  former,  I  find  in  all  strain  of  the 
rorium,  notably  in  the  middle  strata,  some  lymphatic  vcoselt 
entering  a  more  or  less  intimate  relation  with  the  blood* 
TGWeta ;  this  consisU  in  the  following  : — (a)  We  Hnd  ii  blood- 
vessel,  either  an  iirterial  or  vcnoue  branch,  ascending  to,  or 
(JMOCoding  ie.i|K;oiiv(!ly  from  the  surface  of  the  conum 
Mcompsnied  for  a  longer  or  shorter  distance  on  one  or  both 
rides  by  one  or  two  lymphatic  vessels  ;  or  (5)  the  blood  vessel 
is  crossed  by  one  or  two  or  even  more  small  lymphatics  in  a 
Tcry  oblique  direction,  and  the  latter  appear  at  this  point  as 
if  belonging  to  the  sheath  of  the  former.  Around  the  latter 
Ul«riiil  branches  vre  find  numcroun  smaller  and  larger 
lymphatics  which,  in  some  inslances,  form  a  more  or  lets 
ootoplete  sheath  around  the  blood-vessel,  perivascular  lym* 
pbatics. 

SS.  In  what  relation  do  the  lymphatic*  stand  to  the 
general  connective-tissue  matrix,  or  with  other  words,  what 
IN  the  nature  of  the  lymphatic  rootlets  T  Briicke,  Ludnis, 
V.  Recklinghausen  were  the  first  who  maintained  the  origin 
of  the  lymphatics  in  the  clefts  of  the  connective  tissue. 

These  clefts,  situated  between  the  bundles  or  groups  of 
bundles  of  the  connectivc-ti»suc,  have  been  injected  in  many 
organs  nntuially  and  artificially,  and  have  been  shown  to  be 
connected  with  the  lymphatics-  "Withftut  regarding  it  neces- 
sary to  enter  into  a  detailed  historical  review  of  this  question, 
I  will  only  mention  itie  researches  of  v.  Kecklingbausen, 
Key,  and  Uetziue,  of  Sikorsky,  myself,  Arnold,  Sachs, 
Ktlttneri  and  others,  by  which  it  has  been  conclusively  estab- 
lished tliat  the  interfasciculat  spaces,  i.e.  the  clefts  and 
channels  between  the  bundles  and  groups  of  bundles  of  con- 
aeotive-tissue  fibrils,  containing  in  a  semi-iluid  intei«litial 
albominous  «ubst.iiicc  the  flattened  connective-tissue  cells, 
un  Hie  paths  through  which  the  normal  current  of  plasma, 
inigating  the  counectivo  tistuc,  proceeds,  and  that  torougfa 
this  current  fluid  as  well  as  formed  material  is  carried 
iotu  the  lymphulioi.  How  is  this,  then, efiected?  How  are 
the  interfascicular  clefts  and  spaces  connected  with  the 
lymphatics  7 

u  I  baTe  pointed  oat  in  my  '  Anatomy  of  the  I<ymphatic 
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Sj'Btein,'  ID  a^Minent  with  r.  RflckIin|;hntu«D,dikor8ky.  asd 
others,  (ho  Ivinpliatic  cApillnrics  i>onncclcil  on  the  one  oand 
with  the  plexus  of  lymphatics,  and  originating  on  the  flthn 
band  in  the  tiuue,  open  everywhere  freely  into  the  inlei. 
fa«ctculnr  spaces,  their  himcn  communicating  freely  with 
the  latter.'  This  accounts  for  the  endothehal  wali  bring 
here  perforated  by  numerous  holes  or  stomata.  The  id«-n- 
tical  condition  t*  met  with  in  the  intcrtiibular  IjmphaCice  of 
the  ictttis  (r.  Mibalkoviich)  and  in  the  connective  li«4ac  of 
the  membranes  of  the  brain  and  spinal  cord  (Kej  and 
Betiius),  where  lymphaticR  are  lined  with  perforated  eodo> 
thclium,  the  holes  leading  into  the  spaces  within  the  con- 
nective-l issue  bundles.  Hut  there  is  also  another  indirect 
tootle  of  connection  of  the  lymphatic  with  the  interfascicular 
spaces,  and  that  is  the  mode  which  no  doubt  is  the  common 
one,  and  which  occurs  in  the  lymphatics  in  all  strata  ;  it  is 
this :  the  albuminous  cement  substance  between  the  endo- 
thelial  cells  forming  the  wall  of  the  lymphatic  is  continiuni* 
with  the  similar  substance  acting  a«  cement  between  the 
connective-tissue  bundles.  This  substance  being  soft  and 
semi-fluid  does  not  present  any  obstacle  to  the  pasMg*  of 
either  fiuid  or  formed  matter  from  outside,  i.e.  from  the 
inteifaseicular  spaces  into  the  lymphatic  veaae). 

This  mode  of  connection  is  the  one  by  pseudostonata  in 
contradistinction  M  the  former  or  direct  one  by  real  sioroata. 

This  relation  plays  an  important  part  in  the  absorption  of 
chyle  globules  by  the  chyle  vessels  of  the  intestinal  riili 
(Wainoy),  and  the  same  relation  also  exists  between  tlie 
lymphatics  and  the  epithelium  of  the  surface  of  the  mucoua 
mcmbraues  and  glands  (SikoT»ky,  Kh-in,  Arnold,  Thnma, 
Ktittner,  and  others),  and  the  endothelium  of  the  surface 
of  the  serous  memhrancc,  as  1  bare  shown  in  my  *  Anatomy 
of  the  Lymphatics.* 

The  assertions  of  Neumann  and  of  G.  and  F.  Hoggan 
that  the  lymphatic  vct^scls  are  closed  tube«  not  in  communi- 
cation with  the  surrounding  connective  tissue  rcfrr  only  to 
their  respective  preparations  ;  they  are  not  applicable  to 
what  1  find  iti  my  preparations  in  which  the  lymphatics  are 
Bucoessfully  inj'K^ted  with  an  asphalt -beniolc  solution.  Doth 
in  the  skin  of  the  dog,  pig,  rabbit,  and  especially  in  that  of 
man,  I  lind  clear  proofs  of  the  free  opening  of  lymphatic 
capillaries  into  the  interfascicular  snacea  (sse  Fig.  6).  Rot 
also  in   some   instances  of   llerlin-nlue  injections    1  have 

*  Tbt  sbore-uaiBil  cteaale  and  InT^iUr  (Mlline  of  Mne  nf  Ike  Ifatpb^ 
tka  i*  doe  to  Uiil  fad.  ih.  Ikd  llmr  tttdoUioUutn  i>  perfontcd,  and 
Imum  openhf;  jalo  Ike  spurn  of  tbe  nuniaBdiiv  oouiDetin  tlsjM. 
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tnucd  mo«t  decidedly  the  Borltn  blue  from  the  ioterfiuci- 
cular  «paci:3  into  lymphatic  tubea,  ns  is  ropreseutwi  in  Fig.  8. 
Scheak,  likewise,  maintained  ouch  a  connection. 

Very  interesting  and  decisive  ptoofs  of  this  connection  I 
olilained  from  proparationv  of  the  vititcuf  tlM  new-bom  child 
above  mentioned,  whose  lymjihalic  trunks  contained  clumtw 
of  sebum.  Hetc  1  found  in  many  parts  of  the  skin  siimIIcT 
ami  larger  drayt  and  clumps  o/a^um  aontained  in  the  tN/<T- 
fatficular  spaces,  being  either  unttaiiied  or  stained  brown 
vtitli  ihi-  aspniilt-benitole.  In  some  places  thv  inteTfwiricuhir 
spaeea  were  filled  with  the  sebum  particles,  and  we  had  then 
a  good  natural  ity'eQiiim  of  the  interfascicular  spaces.  They 
touid  be  easily  traced  into  th«  lymphatic  ttttels. 

B. — Tlte  Lymphatics  of  the  Adipose  Ttstue. 
dS.  The  adipoae  tissue  is  very  richly  supplied  with  lytn* 
phfttio,  and  the  investigation  of  those  rotms  one  of  llio 
important  points  of  this  inquiry.  Tvichmann  knew  of  no 
lymphatics  in  the  fat-tissue,  and  aUo  O.  and  F.  Hoggan 
deny  the  existence  of  soch.  Neutuann  mentions  in  his 
nroaography  above  quoted  (l>c.,  p.  2&,  cap.  Ill,  Sg,  b)  that 
Ibe  lymphatics  form  wide  meshes  which  surround  the  in- 
dividual lobules  of  the  fat  IJMue,  but  he  did  not  succeed  to 
trace  lymphatics  between  the  fat-eclhi,  i.e.  into  Ike  in- 
terior of  the  lobules.  Those  TeaseIs,Men  and  dewribed  by 
NeomsQD.are,  a*  1  have  already  pointed  out,  merely  lyn- 
phatus  beloviiig  to  the  conticctive-tinue  s4-pta  between 
the  lofauW  of  tiui  bt-tiuue,  and  fur  this  reason  they  may 
be  doacribcd  as  the  inlfrMntlar  lympholi/^.  Comparing 
Nraaura'a  drmwings  wiUi  my  own,  I  am  Ird  to  concluos  that 
ibe  frnman  ■>«  very  Bnch  fewer  inleilobular  Umphalie* 
tban  I.  I  kavc  abo  inwu  aticntioo  to  the  dtfewtoee  ia 
BMB>OT  vt  ti»e  iMarioboisf  ljvpb«tic*  is  the  bl>tkMH 
■f  ikm.  haoBB  skaa  sa4  is  tbst  of  naBnals^  ifeey  bcioy 
psaily  mmt  ■— mii  m  tlw  tsmer  thaa  b  lia  biicr. 


dar  lymharirs  take  mf  wnrrmhut  Jir»  Ifw^ 
ami  titfia  mUds  mn  tnatJUm  (sAmob  mmA 
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84.  Serernl  important   qucstioiix   present  tbemeelTH 
councction  with  tlic*c  intralobulai  or  intercellnlur  iyiii|' 
tics :  (a)  vbat  is  their  shajte  and  minuto  XTrangcmcnl : 
what  ia  the  nature  of  their  wall  f  and  (c)  what  IB  the  itla- 
tion  of  the  latter  to  the  fat-celU  thtmnclve*. 

Aa  regard*  their  miiiQtc  arrangement  it  is  that  of  a  deiua 
network  irhose  meshes  contain  each  one  lat-cclL  It  ii 
more  difficult  to  ascertain  their  precise  shape.  At  fint 
sight  theco  intercellular  Ij-mphatics  appear  as  thin  narrow 
caoaU,  but  on  closer  impectton  it  will  be  found  that  mnnj 
are  in  reality  sinus-like,  surrounding  the  fat-cvlls  for  a 
larger  or  smaller  section  of  their  circumference,  and  lliere* 
fore  possessing  the  ebu]>u  of  a  portion  of  a  spheroid.  There 
are,  nowever,  some  of  them  that  are  tubular,  or  appnnu- 
Dutely  so,  their  optical  section  being  eitbei  circular  or  mor« 
or  less  OTal. 

Itt  specimens  of  fat-tissnc  that  had  been  succ«ssfiillf 
injected  with  asphalt-benzole,  it  will  be  found  that  the 
injectton  mHterial  indicating  the  intercellular  lymphatics  is 
distinctly  contained  in  a  well-defined  space,  there  being  a 
delicate  but  distinct  membrane  limiting  it.  But  it  £• 
exceedingly  difficult  to  attoettain  what  this  membrane  is, 
vii!.  whether  an  endothelial  membrane  representins  the 
proper  wall  of  the  lymphatic,  or  whi-thcr  it  is  merely  tlw 
membranous  connective  tissue  between  the  fat-cells.  I  am 
inclined  to  think  the  latter  is  the  correct  iuterpretatioiL 
In  very  thin  and  well  stained  sections,  especially  in  teased 
otM*,  it  is  possible  to  distinguish,  besides  the  fat-^ells  and 
blood-capiliaries,  a  honeycombed  matrix  of  connective  ttssuci 
which  consists  of  Battened,  nucleated  connective- tissue  cells, 
attached  to  a  plexus  of  very  thin  fibre  bundles  deriTed  fron 
the  interlobular  septa. 

The  successful  injections  make  it  highly  probable  thai 
each  of  the  above  intercellular  lymphatics  it  bounded  by  tbe 
£at-cell  on  the  one  side,  and  the  intercellular  honeycombed 
connective  tissue  on  the  other.  Thus  an  analogy  would  be 
established  between  the  ultimate  lymphatics  in  the  adiptw 
tissue  of  the  skin  and  those  in  the  uorve  trunks  (Ivey  and 
Uetiius,  'Studicn  in  d.  Anutom  d.  Nervensy stems,'  &c),  in 
the  Utter  the  lymphatics  between  the  uei^)' 
fibres  beiiu  separated  by  the  endoneural  coni: 

I  oced  oardly  add  here  of  bow  great  impoiiauoc  in  phy- 

fsiy  pttiij  ia  tkti  T«ap«ol,  (or  I  hsve  seen  la  llie  mbhi  spctinui  liuth  yt 
kuioaa  sad  doc's  »kia,  lotnilcs,  tlie  nrutcr  pan  of  viiicfc  wu  iBJKttdL 
httUtm  ttthns  u  iriikb  only  Uia  pcdfiinsl  poniaas  sliowed  Uie  lyniibsLC 
■4|SiitiiMt. 
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siologicftl  and  pathological  nspeots  this  intimate  relation 
bctire«u  the  adipose  tissue  of  the  skin  and  tlie  sbsorbenta  ia, 
unce  that  tissue  plays  a  Tury  prominent  part  in  thv  ocoDomj 
of  the  body  iu  health  and  disease. 

lu  my '  Anatomy  of  the  Lymphatics,'  Part  I,  Chapter  II,  t 
have  siiowa  that  in  its  formation  the  fut  tissue  of  too  seroas 
membraaes  has  an  intimate  iclatioti  to  the  uUimalc  lym- 
phatics of  those  parta,  the  fat-cells  being  formed  from  con- 
DcGtive-tiMUc  cells  (Flemming)  ^itualed  in  the  rootlets  of 
the  lymphatics,  i.  c.  in  the  lymph  canalicular  system  ;  what 
I  bare  now  dcacHbe<l  of  the  anatomical  distribution  of  tha 
intercellular  lymphatics  in  the  fnt  tissue  of  the  skin  beais 
this  out  in  a  very  striking  degree. 

c. — The  Lymphatic*  of  the  Steeai  Olan^s. 

26.  The  sweat  glands  pos»css  alto  their  own  minute  lym- 

Ehatics.  Those  arc  very  distinct  in  prf:pii rations  of  the 
uman  skin  successfully  injected  with  asphalt-benzole  ;  they 
are  takvu  up  by  the  lymph-veseels  of  the  surrounding  tiwuc 
detciibed  above,  i.  a.  thos«  belonging  to  the  plexus  of  tym- 
phatica  of  the  conncctive-usiue  grouni]  substance.  Id  Fig.  6 
ire  seen  the  l^mpli-cUfls  situated  between  the  coila  of  the 
sweat-glaod  tube  and  the  connective  tissue  separating  the 
former.  The  relation  of  the  lymph-cIcfts  to  the  coils  of 
tiie  gland  lube  on  the  one  hand  and  to  the  connective  ttssuti 
on  the  other  appears  to  be  the  same  as  that  desoribed  of  the 
hkt  tissue,  vix.  the  lymph-clefts  do  not  po««es8  their  own 
proper  wall  of  endothelium.  Also  along  thi;  duct  of  the 
sweat  gland,  while  passing  through  the  cerium,  lymph-clefts 
may  be  traced  for  a  longer  or  shorter  distance,  as  is  shown 
in  horisonta)  sections  in  which  the  ducts  are  cut  trans- 
versely, or  nearly  so.  The  above  lymph-clefts  surround 
sometimes  half  or  even  more  of  the  circumference  of  the 
duct,  &o  that  this  latter  apptars  ulmo«t  invaginated  by  the 
lymphatic 

D. — The  Lymvhalict  ofihe  Ilair-FoUicks  a»<l  SelMcaMa 

Glands. 

£0,  The  bair-fullicles  possess,  according  to  Teichraann, 
G.  and  K.  lloggao,  no  lymphatics  ;  Neumann  describes  lym- 
phatic vessels  which  surround  the  hair- follicles  as  the 
proper  vessels  of  these  latter.  But  I  recognise  in  his  de- 
scription and  illustration  (l.e.,  &g.  5,  pUte  iii),  merely 
lymphatics  of  the  general  connective-tissue  ground  sub- 
stance. 
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A/ter  a  great  many  negatire  T«8uhs  I  have  succeeded,  to 
a  few  instances,  in  Ine  human  scalp  as  well  as  in  that  of  th« 
dog,  to  inject  the  ultimate  IfmpliaticR  of  Uie  hair- follicles. 
Roth  in  llie  wphall-ltvnzole  injections,  but  eapeciallv  ia 
those  with  Berlin  blue,  I  have  asceitainod  that  the  fym- 
phuiic  v€tfcls  and  tnlcifascicular  lymph-tpacn  of  the 
cuiiiieciive  iisHue  tiiittotiii(HiiK  the  hair-foUicle  bear  ao 
intimate  and,  1  need  hardly  add,  impoitaot  reliilion  to  the 
latter. 

The  librout  coat  of  the  hair-follicle,  that  is,  th«  hair-aae 
proper,  contains,  both  in  the  human  hair  aa  well  as  in  that 
of  the  dog,  more  or  lou  continuous  lymph -ohannets,  which 
are  in  comrauatcation  with  the  plexus  of  the  lymphatic 
vessels  of  the  coiium,  and  with  the  intcrfasciculBr  Ij-mph- 
space*  arouud.  In  a  lonKitudiunl  M-ctiou  these  lymph- 
channels  are  well  seen  in  close  uei);hbourhood  to  the  outer 
root-sheath  of  the  bair.  In  trausveise  sections  it  is  ascer- 
tniiicd  that  the  lymphatics  of  the  hair-«ac  ttmvund  lHaa 
tirna  the  outer  root-sAeaiA.     Seo  Fig.  9. 

In  these  last  two  figures,  which  represent  hair-folltcles  of 
the  scalp  of  the  dog,  wbo««  lymphatic*  had  been  injected 
with  Berlin  blue,  it  is  seen  with  great  iHntinctiieM  that  the 
injection  material  is  contained   not  only  in  the  lymphatic 
chaitneU  and  spacrt  of  the  hair-tac  and  its  tvrrouMdingt,  but 
that  it  prnclralrt  aha   into  the  root-shtatti.     The  injectWO 
material  tia!>Mii  ditecily  from  the  lymph-siuus  around  the 
root-sheain  into  the  interatitiai  or  cematl  suhttanc*  tefteetm 
tht  epiikeiial  ctiit,  *a<\  what  is  slil)  more  remarWablo  and 
interesting,  ihe  injection  material  haring  penetrated  up  to 
the  inner  root-sheath  accumulates  there  in  a  distinct  loj/^r 
or  tpace   betKwn  Ihit   and  the  vuter  root-*he<tlh   and  aba 
hetwttii  the  former  and  the  hair  itttlf.     It  ia  verr  probable 
that  it  reaches  this  latter  in  the  same  way  as  the  former, 
viz.  through  the  cement  substance  of  its  (i.e.  the  inner  nnt> 
deaths)  scales.     In  the  above  ease  of  the  skin  of  the  new- 
born child,  whose  lymphatics  contained  smnllcr  and  larnt 
clumps  of  sebum,  there  existed  mott  distinct  signs  of  lids 
latter  aubalance  being  accumulated  between  the  bait  iiself 
and  the  inner  root-sbealhs;  further,  be twc<^>n  this  end  tba 
outer  nxit-ehcath  minute  bright  sebum  patlicU-s  were  tu  be 
met  with  in  the  cement  sulntance  between  the  epiiliellal 
cells  of  the  outer  root-sbeatb,  and  were  seen  accumuhtrd  in 
thif  lymph-channels  of  the   hair~anc.     This  ia,  li  r 

andcnoe  that  the  psths  followed  by  Uie  above  Hi......  . 

iujecliou  are  the  real  ways  of  absoiplion,  that  is,  are 
produced  artificially,  aince  in  the  case  of  the  Hbum-abaor 
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don  nbovA  referred  to,  it  caanot  be  denied  that  the  absorp- 
tion bad  cakoii  giliice  during  liTe. 

The  nnsiiomicid  conniption  of  (he  lymphatics  of  the  coti- 
ne«iivo  tissue  wilh  ihe  inU-r'<liti»l  siubiiliniM;  between  the 
«pithrlial  cl-IU  of  the  tooi-dhenlh  is  in  perfect  agreement 
with  what  is  now  well  esiiiblished  for  the  macous  mem- 
.braues,  glands,  scrons  mctnbrnnes,  &c.  And  I  would  again 
refer  in  tbi«  rrsjxict  to  the  rcscaichc»  of  AnioM,Thoma, 
mj>vlf,  K  tittnttr,  Sikorsky,  Watnert  and  othera. 

Junt  aa  I  have  ihoivn  it  for  the  epithelium  lininj;  the 
bronchi  and  alrroli  of  the  lung,  and  for  the  cndothrlium 
covering  ihc  B«t<iu»  nn^nihranen,  »o  nl»D  in  the  cum  of  the 
KtrntifiiNl  i-)Hthclinm  forming  the  outer  roi>t-i<ho>th  of  the 
hair  we  find  in  the  inl»stitial  cement  subsunce  branched, 
nucleated  connective- ti»3Ufl  cells  nnaslomositig  with  the 
connect  ivc-tiXHue  eeMn  of  the  sitrrounditi);  hair-mic. 

That  this  connection  of  the  l)'m[>liaticsof  the  hair-sac  with 
the  Hpace  bclwc«ii  the  hiiir  and  the  inner  rool-shenib  is  of 
the  utmost  phyviohigical  and  piithoIo;;iciil  interest  !»  obvidns. 
There*  can  be  no  <!out>t  that,  in  the  ab&orption  of  fluid  and 
formed  matter  from  the  outer  nkin,  the  lymphatics  of  iho 
hiiir-folliclfs  ulay  a  conspicuous  part,  and  the  practical  ex- 
(Krieiice  of  the  efficiency  of  medicamonts,  especially  those 
suspended  in  fatty  matter  rubbed  into  the  skin,  by  which 
ther  arc  well  pn»he<i  into  the  depth  of  the  hair-folliclcs, 
reci'ives  hLT<-by  its  theoretical  expUnalion. 

U.  Fleischer,  Erlangen,  1877,  and  quite  recently  in 
^Virchow's  Archiv,'  vol.  79,  p.  -158.  still  persists  in  quee- 
ning the  positive  results  obtained  by  Liissar  ('  Virchuw'a 
rclitv,'  vol.  67,  p.  1),  as  to  the  paasage  of  oily  matters 
ruhbed  into  the  intact  skin  of  n  rabbit,  through  the  absorb- 
ents into  the  inU'nial  organs,  for  ho  (viic.  Fle)s<:her)  main- 
tninH  thttt  such  passage  do«s  not  take  place  except  through 
th'*  injured  skin. 

My  results  above  described  clearly  show  that  the  ana- 
unical  facts  are  in  favour  of  LaNHar's  aKscrtiomi. 
ST.  Whether  a  similar  intimute  connection  exists  between 
the  lymphatics  around  the  sweat  gland  (both  duct  and  coiled 
tuW)  and  tlie  interstitial  cement  substance  of  its  epithelium 
and  the  inner  cavity  of  the  tubi*,  is  very  probable,  but  I  have 
not  lifL-n  fortunate  in  showing  this.  Inunctions  with  pig> 
uii-ut  Hiis)>ended  in  fatty  matter  would,  1  have  little  doubt, 
yield  piMitive  resuii*. 

33.  As  regards  the  lymphatic*  around  the  sebaceous 
glands  and  the  muscle  of  the  hair,  1  am  able  to  record  poel- 
live  results,  against  the  negative  ones  of  Teichmann  and 
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G.  and  F.  Hoggnn.  Npumanit'M  iinvrtiunB  at  to  tint  rxist- 
encc  uf  Ijmphtttic»  of  tli^fe  orfcnti!)  art-  of  ilie  name  valut:  a> 
tiiuc  Tcfi.-rring  to  liia  hmiihatica  bf  tbe  fat  lifrsue  and  tUe 
hair-fuUicles,  vix.  tbey  belong  merely  to  the  surrounding 
coiineciive  tissue. 

Id  prcpaiatioiif  of  tlie  liumaa  scalp,  the  lyniphattcs  of 
wliicli  had  bc«u  successfully  iujecied  with  asplialt -ben- 
aole,  the  alveoli  of  ihc  twboreous  glands  are»«en  BurroiindeJ 
for  a  larger  or  »Ralli;r  )>art  tif  tbdr  circumference  by  iym- 
phalic  ^ptictt  and  sinuses,  whicb  are  couiieclt^d  b»[h  with 
lymphatic  vessels  and  wilb  the  iuterfascicular  lyoiph -spaces 
of  the  connective  ttsBUc. 

Elongated  lympkaUc  cle/ls  arc  a1»o  sc«u  bctwevn  Ibe 
buDillcrs  of  tlie  arri.'ctor  muscle,  aimilnr  to  those  tu  be  observeJ 
in  the  unstiiptid  iimscle'iUsue  generally. 

IL — Tub  LvuraATics  or  thb  Skiit  of  tub  Fbug. 

itO.  Otvinf!  to  the  great  abundance  of  glands  in  the  slit 
of  ibi'  frog,  and  omng  alio  to  the  iinportitice  in  the  proceif 
of  absornlion   of  thi«  organ,  I   have  investiijated   also  ill 
lynipbaiict.     But  there  wrre  very  great  difficulties  to  otcT' 
come.     What  I  intende*!   ms»    to  demoti«trilr   by   a 
injnriiun  tlie  arran;;emont  and  distribution  of  the  lyinphaii^ 
The  tuPthod  of  puncture  was  here  out  of  <iue*lion,for  it 
impossible  fur   mr  tuublain  a  canula  of  the  neecssary  fie 
ness.     It  occurred  to  me  that  Huilge'i*  metliod  of  forcing 
pressure  (of  air,  water,  or  mercury)  thi.-  inji-ction   materil 
into  the  lymphatics  as  practised  by  him  in  the  rase  of  the 
lymphatics  of  the  cartilage  and  Iwnc  (I.  c.)  might  be  pro- 
dartive  of  good  results.     My  expectations  were  »u(jn  renlifctl. 
The  meihfvi  I  followed  was  this :  in  a  decapitated  frog  I  eui  off 
the  anterior  extremities, and  enucleate  the  (runk  from  its  skin, 
after  ii«v<-ring  the  septa  between  the  culaneoux  lyniph-sao 
of  tbe  chest,  abdomen,  and  dorsum  ;  1  then  placi-  a  ligature 
round  the  root  of  the  trunk,  and  cut  this  latter  off  clone  ta 
the  ligatun'.     I  have  now  a  preparation  that  consisiH  nf  ilm 
entire  lower  extremities  and  tbe  i-mply  skin  of  the  abdomeD, 
che«t,  and  dorsum.     This  qnasi-ba|;  is  tied  round  lh<>  nint 
of  a  small   funnel,  speetally  provided   there    with  a  uruo^ 
and  the  tube  of  the  funnel  is  fixed  in  ■  r--' 
the  preparation  is  hanging  do<vnwaid«. 
gUnit  tube,  and  is  c<mnectHl   with  tbe  iujrriiuH    1 

tuiuinji  tlie  injection  fluid.     This  is  pressed  into  ;;..  i 

by  a  mercury  pump, 

A  pTTMurv  of  Inu  to  two  and  a  half  ioelivs  beitig  nppl 
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and  a  8  to  4  per  c«nt.  eolutioD  of  Uiiickc's  Berltn  blue  bi'ing 
used,  it  is  found  tlint  soou  the  injection  force*  it4  way  into 
the  cutaneoiiit  I)'ni[>h-)iiics  of  the  lowrr  exlremilies,  without, 
bovrcvtr,  penetrutiug  into  the  Iyni|>hatic8  of  the  skin  it<elf. 
But  ou  the  inside  of  the  thigh,  next  the  median  line  nnd 
in  the  nei|;hbourhoi>d  of  the  anus,  i.  e.  in  thoKc  parts  which 
are  in  thr common  frog conopicuoiis by  thctr  ihitknesf.  owiiift 
to  vr»rty  prumiiiencex  of  the  cutnneous  glaml-sacs,  a  beautiful 
injection  appears,  which  ;j;radualty  increases  in  breadth  nnd 
inten«ity,but  does  not  peuclriitc  anywhere  into  the  lymphatics 
of  the  ordinary  thin  Jikin  of  the  lurroutiding  parts.  Anphalt- 
bcniLole  yielded  no  resultc. 

SO.  l.«ioking  at  the  injected  skin  with  the  unaided  eye 
there  appears  a  Iwautiful  mosaic  or  network  of  bhio  line«, 
ffach  of  tt«  me*hrji  forrcspoudinR  to  a  wart,  Undrr  a  lens, 
or,  Htill  beitiT,  under  u  low  power  of  the  mtcro*O0pe,  it  is 
a$C('i lainei]  that  whiit  with  (he  unaided  eve  appears  as  a 
cinzlc  line  of  the  mosaic  is  a  dense  plexus  of  lymphatics. 

There  is  n  de>cp  plexus  of  large  vessels  connected  with  a 
much  denser  plexus  of  fine  vessels  belonging  to  the  super- 
ficial pan  of  the  •kin.  These  latter  vessf 'Is  are  of  varions 
«iiv>  and  of  a  very  irregular  outline.  Fi;;.  7  shows  them 
very  well  as  seen  under  a  hiHher  power.  The  plexus  of  the 
finer  vessels  is  interrupted  by  the  cutaneous  glands,  as  is 
noticed  in  Fig.  7.  But  thvn:  exist  H|>ecial  lymphatics  sur- 
rounding a  smaller  nr  greater  section  of  the  circumfeience  of 
the  gUuil>Eiics;  these  tatter,  vis.  the  gland-sacs,  are  shown 
only  in  outline  in  this  fijjure. 

The  lymphatica  destined  for  the  glands  are  apparently 
li-rminatiiig  with  a  caceal  extremity ;  and  there  are  also  other 
vessels  of  the  general  plexus  which  appear  to  terminate  in  il 
ctecal  manner  in  the  cocneclirc  tissue  of  the  skin. 


I 


in. — Thk  Lyuphatics  of  thb  CoNJUNtrriTA. 


31.  According  to  Schmidt  ('Die  Lymphfoltikel  d.  Binde- 
aut  *  Wien,  1871),  the  lymphatics  of  the  conjunctiva  form  a 
superGeinI  and  deep  network  conm^'tcd  with  one  another  by 
many  aburt  branches.  The  vessels  of  the  Mnperfieial  network 
are  very  fine,  and  some  of  them  terminate  in  the  tissue  with 
B  pointed  or  vn^cal  cxiivmily.  The  vessels  of  the  deep  plexus 
arp  possi-sscd  of  valves.  The  superficial  ni-lwork  is  densest 
at  the  itmhus,  and  less  dense  in  the  conjunctiva  foniicis  than 
in  the  coiiiunctiva  palpebrse. 

I  have  iniesiig3ie<l  the  lymphatic*  of  the  tyelids  of  the 
nen<bom  child  anil  of  the  rabbit. 
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The  be«t  propnrations  were  ^o  here  obtaiaed  with 
afphaU-Wiicolc  injf^tion. 

33.  Tbe ))  inpliatic»  of  the  skin  arc  to  be  (lutingiii«hed 
those  of  the  conjunctiva  palpcbiie. 

Injecting  into  tbc  subcutaneous  tissue  of  the  eyeliil,  it  ntll 
be  teen  thai  the  lymphatics  of  the  skin  become  injected  up  to 
the  outer  free  margin ;  the  inji-ciioii  does  not  apparently 
pass  into  the  lymphatics  of  the  conjunctiva. 

In  making  sections  throujtb  such  bo  eyelid  it  viU  he  found 
that  the  distribution  of  the  Ijrmphntics  of  the  corium  differs 
in  no  way  from  those  of  other  parts;  the  pli^xus  of  ihc  sub- 
cutiineous  lymphatics  is  conspicuous  by  theeiz«of  the  ves&eU 
Hud  by  their  large  sacculsr  diliitaliouK :  this  plexus  takes  up 
lymphatic  vessels  situated  h«(we«ii  the  bundles  uf  tbe 
sphincter  orbicularis.  These  vessels  form  a  plexus,  and  ant 
poMwssed  of  valves.  They  extend  close  to  the  den«e  fibroot 
ti&sue  which  forms  the  tarsal  piste. 

In   voilical  sections  through   the  eyelid   tliere    are  si 
occasionally,    but    rarely,   fine    lymphatic   veaseU  patst 
throu</h  the  lartal plate,  so  as  tt>  join  the  lymphatics  uf 
comunctiva  futlp^bisc. 

The  chief  communication  is,  however,  eslnblishcM]  at  the 
margin  of  the  eyelid,  where  the  ly-mphatic  vessels  of  the  corium 
anastomose  with  the  vessels  U-longing  to  the  coitjunctira 
palpcbrue  proper,  siloated  behind  the  tarsal  plate,  i, «.  between 
the  layer  of  the  Meibomian  glands  anu  tbe  epithelium 
covering  the  frc4!  surface  uf  the  conjunctiva. 

Thi-Mi    results    are    in    perfect    agreement    with    th' 
obuined  by    K.  Fuchs,     in '  Medic.    Centralblati,'     1878^' 
N.£8. 

33.  To  obtain  a  good  view  of  the  lymphatics  of  the  coi 
junctiva  palfwhra:  and  foruicis  the  canuU  must  be  in 
iuto  the  proper  tissue  of  the  conjunctiva  palpebne. 

When  successful,  the  inspection  of  ibe  surfara  with  a  lei 
reveals  an  rxccedingly  deusr  network  of  lymphatics  si 
very  uear  the  surface,     lu  the  human  conjunc'.iva  ml 
tbeM  vewcla  are  very  fine,  and  the  plexus  extends  to 
free  raargin  of  tbe  eyelid.     Tho  arrangement  uf  the  vf 
is  very  characteristic,  for  about  tiie  first  tltird,  tiiat  ia,  t 
one  nearest  the  free  margin,  they  fbrm  a  dense  network  wi 
small  and  polyhedral  meshce;  in    the   second    third 
ii>e«hes  booome  slightly  elongated,  but  tn  a  '  i   I 

ohliqoa  dirvoUon,  toe  vessels  assuming  a  lem  n: 

towards  the  angle  of  ihc  eye;  and  in  the  last  tliuii,  mat 
the  one  neaiesi  the  fornix,  the  meshes  become:  -itill  mo 
•longatMl,  and  have  an  almost  borisunlal  positiun,  the 
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following  a  course  very  nearly  parallel  to  tbe  margin  of  tbe 
lid.  They  join  everywhere  the  plexus  of  the  lympbnlics  of 
the  fornix.  These  Utter  nppcnr  as  a  pli-.\ii«  of  fine  vvsucU, 
situated  auperficially,  and  one  of  large  deiip  vessels ;  most 
TesseU  of  btith  plexuses  follow  a  course  more  or  less  parallel 
to  the  tnargii)  of  the  lid,  i.  e.  luugitudiual  towards  tbe  angle 
of  the  eye,  as  mentioned  above. 

Ill  hoiizoTital  iind  v<-Tiical  section*  ibroiigh  tbe  eyelid  the 
lymphatic  vessels  of  tbe  conjuncltva  pnlpiibrH^  extiind  from 
near  the  epitbeliuoi  tbrougn  tbe  whole  thickness  of  the 
conjuDctiva. 

The  layer  next  the  Heibomian  glands  contains  large 
Te*Kvls  (Cvlaeauti)  twiih  valves,  and  these  may  be  considered 
a*  the  deep  lymphatics. 

l-'uchs  also  inji-cied  lymphatic  sinusei  around  the  atveoU 
of  the  Meiltomian  ^Uod. 

Ill  the  plexus  of  ibi-  superficial  lympbatica  of  tlie  fornix 
and  al*o  in  that  of  the  conjunctiva  palpebral  nearest  tbe 
fornix,  there  are  found  some  vosaeU  possessed  of  valves  and 
vorreaponding  saccular  dilatations,  but  most  of  them  are 
nithout  valves. 

Injecting  in  the  same  mannerlhe  conjunctiva  of  the  rabbit 
it  will  be  oboetved  that  in  the  conjunctiva  palpebne  the 
blood  capillaries  and  veins  often  become  injected.  Viewed 
wilb  a  lens  or  tinder  tbe  microscope  the  deep  lymphatics  with 
valves  arc  also  well  seen. 

The  lympbaticH  of  the  conjunctiva  fomiois  come  out  with 
peal  distinctness,  both  those  of  tbe  superficial  parts  as  well 
as  those  of  tbe  depth. 

The  above  faet  of  tbe  blood  capillaries  and  veins  becoming 
injected  would  leail  one  at  once  to  say  that  the  pass^e  of  tbe 
injection  matter  into  Ibe  blood-vessels  is  due  to  an  injury  of 
ihic  blood-vessels  by  tbe  caouU.  But,  on  careful  examina- 
tion, 1  failed  to  detect  this ;  but,  on  tbe  ulbor  baud,  I  bare 
found  what  oppiturH  to  be  a  direct  anastomosis  of  minute 
veius  with  lynipbatics.'  This  is,  however,  a  point  of  so 
great  nu  im))ortauce  that,  definitely  to  express  an  opinion, 
It  would  rec^uirc  a  greater  numln-r  of  observations  and  ft 
more  minute  ex;imination  than  1  have  been  able  to  maki*. 

1  have  good  rea.ton  to  believe  that  there  exists  an  indirect 
communication  between  the  blood-capillaries  of  the  conjunc- 
tiva palpebite  of  the  rabbit  and  its  lymphatics  through  the 
lympti-cunalicular  system  (v.  RcckliiigbauseaJ, 

<  V.  RfckljnjhanMa  obKrvcd  s  similar  pMngc  »( tbe  ioicclion  nutter 
tTOBi  llie  l;n^)liattci  into  tlic  Uood  vetsels.  Wsldcyer  ooatiden  it  due  to 
■a  trtiHoial  ruptirc 
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That  ihe  anaatomosU  of  the  lymph-caiialieulu-  syttem  with 
the  blo«<l •capillaries  appears  here  so  patent  iuid  cxtctiiivo 
may  be  owing  to  abaormally  delicate  capilUnes. 

It  is  pottiiblo  tltnt  in  tbc  rabbit  the  inteistitial  cement 
substance  of  the  emlotlielial  wall  of  the  captllAries  of  th« 
conjanctiva  palpebne  is  cnoie  liable  (o  g,ive  way,  itnd  to  allow 
the  injection  mnlerial  to  pass  from  the  lymphatic  rootle 
into  thi;  blood-capillary. 


IV. — ^TuB  Lthphatics  or  ths  Oral  Cavitt  akh 

Pbarvxx. 


1 


35.  Teichmann  (I.  c.)>  snd  subsequent  writofs  qiioltag 
his  work,  describe  the  lymphatics  of  the  oral  cavity  and 
pharynx  as  beia^  arrange  similar  to  thoce  of  the  ekiu,  as  a 
superficial  plexus  of  Sue  tmmIs  and  a  Acvp  one  composed 
of  large  vessels  with  valves.  The  superficial  plexus  is  the 
denser  of  the  two,  and  is  in  connection  with  the  cu;cal  lym- 
phatics belonging  to  the  papilW.  ^M 

The  obsorvatioDs  which  I  propose  to  describe  here  refer  ta^BB 
the  lymphatics  of  the  lips,  buccal  mucM>us  in«!nbr4ne.  the  "* 
palate  and  pharynx,  and  the  tongue ;  they  wt-re  obtained  by 
injecting  into  the  mucous  membrane,  as  near  as  possible  u> 
Ine  surface  of  these  different  regions,  asphalt-bcnxole  or 
Berlin  blue,  in  precisely  ihe  same  manner  aa  was  dc^wrilMd 
on  a  fomirr  page  in  connection  wiih  the  skin. 

The  results  of  these  inJE^tious  confirm,  in  a  general  way, 
the  observations  of  Tcichniunn,  but  extend  them  in  aonte 
special  details ;  the  rclaiiun  of  th«  lymphatics  of  the  con- 
nective* tissue  ground  substance  to  the  epithelium  of  the  sur- 
face, the  lymphatics  of  the  glands,  and  the  muscular  bundles, 
are  points  which,  in  Teichmann 's  work,  have  not  been  suffi- 
cieoily  considered,  but  wbicli,  as  1  shall  be  able  to  abow, 
deserve  special  aticiilion. 

As  in  the  case  of  the  skin,  so  aUo  in  that  of  the  mucsns 
membranes,  it  is   necessary   lo  consiikr  the   lymphatics  aa 
forming  different  groups,  such    us  the  lymphatics  of  the 
ground  substance  of  the  mucous   membrane ;  thosn  of  t' 
nt-tis«uei    wUere   such    is    present :    those  of   itu;  glani 
mucous  and  serous;   and,    finally,  those  of  the  muscoU: 
tissue. 

7^e  Lymphatici  of  Ihe  Grountl  SHbtfanet. 

56.  In   ■  successful  injection  into  ihi-  miicdux  mcml 

of  ihe  lips  of  the  mnulh  it  will  be  f.iuiid  that  then-  iinj 

a  very   dense  and  bomuliful  network    of  fitie   lympUalk 
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tiluntpd  cI'MP  to  thr  (urfncir.  Whrn  pxaioinod  ntidpra  lense 
it  will  W  s«cn  thai  tb«  tn'twork  i*  vory  ilunitr,  and  ihni  the 
vt:»«i-l!i  are  either  straight  i>r  iiltgKily  wavy  anil  im-giilnr. 
iA  few  l.irgpr  7e«seU  with  distinct  valves  may  be  seen  in  the 
th :  the  din>ction  of  the  caurse  of  the  efferent  trunks  is 
from  the  frrc  mar^n  of  the  lip,  in  the  pnrtt  near  the 
Idli!  line,  straight  towanU  the  gtimii,  at  the  nidc  tun'Srd* 
the  mupoup  membrane  of  the  angle  of  the  mouth. 

AVhen  injecting  into  the  part  situated  betiveen  the  cutis 
and  tnurouK  memlirnne  of  ihc  lip,  it  will  be  found  that  the 
injection  malerial  pwwK  much  more  fTiK(iieiitly  into  the  lym- 
phatics of  the  mucous  nienihrane  than  into  those  of  the  cutis. 
But  in  eT«r7  injection  into  the  cutis  of  thi*  one  side  of  the 
lip  the  injoction  does  not  readily  pa»s  beyond  the  middle 
line,  that  in,  fnim  one  side  into  the  other.  Inji-cliiig,  how- 
ever, the  lymphatieti  of  the  murou.i  membrane,  no  such 
1  demarcation  between  the  two  sirles  can  be  obserred, 

87.  The  injection  of  the  buccitl  mucous  membrane  and  of 
that  of  the  palate  nnd  pharynx  shows  al.to— these  Drj^n* 
being  examined  in  the  fresh  slate  in  tho  bird's-eye  view — u 
j^Mutiful  and  dense  network  of  (inc  lymphatics,  the  mcvhcs 
^^■X  of  a  more  ot  I»«  unifkHn  iiilyhi-drjl  shape. 
^^5o.  In  the  tongue,  however,  tlie  aspect  of  the  lymphatic*, 
BSiven  in  the  bird's-eye  view  of  the  fresh  organ  with  the  un- 
aided eye  or  with  a  Icn^,  greatly  dilfcr*  from  the  aliove  organs, 
owing,  of  eourve,  lu  the  presence  of  the  papilla;.     On  the 
<  donal  part  of  the  tongue  there  is  found  a  network  of  fine 
;  lymphatics,  whose  meshes  correspond  to  the  jtApillB:;  they 
j  are  naturally  larger  for  the  fungiform  than  for  the  filiform 
papillw. 

I      The  lymphali<!s  of  the  tissue  of  the  papilhc  themselree  are 
^H|^Ti><iblc  under  these  circumstances. 

^^pwing  10  the  peculiar  chnngr  of  the  surface  at  tho  margin 
^Hhe  tongue,  vix.  the  papillie  becoming  arrangrd  in  more 
^^Ris  difttinct  transvenu!  rowi,  the  sh^pe  of  the  network  of 
the  lymphatics  undergoes  a  corresponding  variation,  'hat  ia, 
its  meshes  herome  eluni;a(i>d  in  a  trnnsverse  dirrciion. 
At  the  margin  of  the  rongue  we  notice  numerous  cffrreul 
kcls  panKiiig  from  the  dorium   on  to  the  lower  fmoolti 
kace;  tJjey  are  more  or  less  parallel  with  one  another. 
\l  the  base  of  the  tongue  the  arrangement  of  the  Irm- 
kiics  changes  from  a  uniform  network  of  fine  vessels  into 
]  with  elongated  meshes.     There  is  an  exquisitely  by  dense 
rnrk  of  very  fine  vessels  surrounding  e«ch  ciroumvallat« 
llln. 
^^n  man  nnd  in  nnioiaU  1  hnrc  always  found  a  plexus  of 
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lar^  and  fine  lymphatics  running  from  the  dorsum  of  the 
tongue  loirards  the  base  of  the  fpi|;lottis.  The  vesads 
annHiunidsc  undt-r  ncuir  Anglp«,  «nd  incTra»c  in  vtxo  aa  they, 
approach  the  eptglutti* ;  ihi^ir  valvM  «re  very  cuii«pic:uou«. 

Sap|>ej'  alivatl}-  injected  the  dense  netiruik  of  the  Itm 
phatics  of  the  mucous  membTanc  of  the  guma  and  soft  palate 
and  tongue. 

■It).  Examining  a  aucce^sfully  injected  and  hardened  lip, 
palate,  or  mucous  membrane  i>f  pharynx  in  vertical  and  huri 
zoQtiil  sections  under  the  mic:rosco]Mr,  it  will  be  seen  ihat  tb 
lymphatic*  an-  present  in  and  extend  through  all  pans  of  ih« 
mucous  membraae  more  or  lens  uiiifutml^  from  the  vpttb^ 
liumof  the  Burfac«  down  to  the  deep  tissue  that  contains  the 
glands,  fat,  muecle,  &c.  The  resselH  are  connected  ever;'* 
where  in  plexuMta,  but  ihere  arc  in  the  superficial  parta  ft 
good  many  veaaeb  that  appear  u>  terminate  freely  in 
tia«ue  (see  below). 

Many  vetsels  run  in  a  horizontal  direction,  and  tbev  i<m 
be,  therefore,  belter  seen  in  hurixoniiil  than  in  vi;rlica]  sec- 
tion*. Those  belonging  to  the  auperficial  parts  of  the  mucous 
membrane  are  fine  as  compared  with  those  of  the  deapvr 
parts,  and  they  run  a  more  or  less  stiai);ht  or  navy  course. 
JScfrytehtre  Iht  papiJla  poa*eBt  Ihrtr  orcn  fymphatirt  in  th« 
form  of  tiii'iU  or  compound  bopt  coHHrcUd  with  the  st^Mr- 
Jif.lal  tymphutifi.  They  |>euetraie  more  than  half  or  two 
thirds  into  the  tissue  of  the  papillae.  These  papillary  lym- 
phatics are  best  seen  in  the  humiiti  lip  and  soft  palate,  owiug 
to  the  very  great  length  of  the  papilliv,  but  they  arc  present 
also  in  those  of  other  parts  iu  man,  dog,  aiui  rabbit.  The 
lymphatics  of  the  deeper  parts  are  distinctly  possessed  of 
Talves ;  such  valves  are  not  easily  »c«ii  in  the  more  anper- 
ficially  seated  lymphatics,  altliough  in  some  i*iuUted  inst&noM 
there  are  indic^itions  of  their  presence  in  the  ahape  of  saceolv 
dilatations  of  the  vessel. 

The  wall  of  the  lymphatics  of  the  superficial  layen  n 
irregular  in  its  outline,  being  npparcutly  puMeMed  of  Oram 
or  \v.r-»  numerous  pointed  processes  (aee  Ueloorj. 

The  lymphutics   uf  the  loose  submucous  tissue  are 
aiderably  larger   and  poaaessed  of  Tnlves  ;  they  communtcai 
(revly  with  the  ploxos  of  the  large  lymphatics  uf  ibo  maai ' 
and  thi>  fat  tiwiuo. 

40.  The  relation  between  the  lymphatics  of  the  raneo' 
membrane  and  llie  inliffascicular  lyinph-spocea  of  the  ouo 
,ncctive-li»siie  i;round  iuh'f  ■     i  very  ii.t  .   aD< 

cinr-lly  ihi-  inmi-'  as  th;i'  il  in  tht-  '  ."iai 

of  the  skin,  and  tl  is,  tlierelutu,  uuiivcewAry  to  iijj^u  uiiuulel; 
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describe  this  leUlion,  and  I  will  merely  refer  the  reader  to 
Tig.  m.  Tbe  above  iitegular  outliuv  of  th«  nail  of  some  of 
the  lynii>h.itK'4i  in  iUt«  t«  the  iumon  of  tbe  vesst'ls  Wing  i» 
open  com  muni  cation  with  the  interfascicular  8]>aces  of  thtt 
!<urrauii(iin^  I  issue. 

41.  An  imponnnt  «ntl  intimate  relation  exist*  between 
the  mgit  aupvHicial  lyiu[>hatic8  uiil  tlie  epithelium  of  tlie 
'aoe. 
This  relation  is  of  the  same  nature  as  the  one  I  have  shown 
exist  between  tbe  epithvlium  convtituting  the  outer  root- 
sheath  of  the  haii-follicl«s  and  tbe  sutrouiiding  Ijmphiitics, 
lix.    «   diri'Ct  pattage  of  injection  inaleriai  from  tfiii  /ywt- 
phatiea — both  the  lymphatic  vessels  and  sinuses  as  w«ll  as 
the  ioterfascicular  lymph-»pacv» — into    Ihr.   intfrttilial  or 
c«mmt  tuislant-v  hctwten  Ute  epilhtltal  ctUt.     That  there 
exists  a  diiect  connection  between  the  lymph-spaces  of  the 
most  superficial  layer  of  tbo  mucosa,  including;  tbe  papilUe, 
and  the  interstitial  cemeat-KiiUsiancc  of  the  vpithelium,  can 
be  ascertained    in    itvery    lliiu    section    of  a    well -pr<-]>a red 
muouus  memhraiie ;  it  will  be  found,  on  careful  exaintnaiion, 
that  the  spaces  between  tbo  tiiie  con  nee  live- tissue  bundles 
— some  of  which  correspond,  03.  is  vhown  in  injections,  to 
lymphatic  vessels — are  distinctly  prolonged  into  the  int«f 

Ktial  eui»tauce  of  the  epithelium.  This  is  still  more  con- 
icuous  in  slight  inflamtnatory  conditions,  when  the  lymph- 
aces  urK  enlarged  aad  the  inivritlilial  substance  i«  much 
increased  in  amount.  The  branched  celln  tuituaiod  in  the 
interstitial  substance  of  the  epithelium,  mentioned  on  foimer 
occasions,  are  also  here  in  connection  with  the  connective- 
tissue  cells  situnled  in  thutu;  lymph-spaces. 

In  Fig.  II  is  represented  a  hori/ontnl  section  through  the 
most  superCcial  (tarts  of  tbe  mucous  membrane  of  the  lip  of 
a  rabbit,  and  it  is  noticed  here  that  the  interstitial  subslunce 
of  the  epithelium,  which  includea  here  as  well  as  in  many 
^^Uher  mammals  piijiiteat  i/ranuiet  and  pttfrnt-ntett  branched 
^^Bells,  contains  the  injection  matter  (lietlin  blue),  and  that 
^^Dus  passes  directly  into  the  interfascicular  lymph'Spucoa  and 
HKie  miMt  snper6cial  lymphativ  veueU. 

The  very  same  condition  exists  everywhere  in  the  oral 
mucous  membrane  and  pharynx  as  regards  the  interstitial 
tubstanco  of  tho  Miratificu  epithelium  of  the  free  surface  and 
the  superficial  lymphatics — a  condition  which,  I  need  hardly 
say,  is  of  great  physiological  importance.  This  relation  can 
hv  studied  in  sections  of  simple  uninjecled  preparatione  as 
wi'll  UK  in  suQceMfully  injected  speeimuns,  and  it  is  bornS' 
but  by  tlie  observation  of  Toma  and  Arnold  and  others  as 
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regards  the  reUtion  «xi(ting  between  llie  iiiterslitial  eabslance 
of  tilt  cpitlirlium  of  the  mncous  mrnibrnnv  uf  the  frc^s 
tpouiii  with  ilic  li«»iie  of  the  Inticr. 

4S.  In  veriica)  sections  through  the  injected  toitgne  «re 
gee,  utidor  the  tnictoscope,  a  very  rich  pluxus  of  lymphatics 
■itiialcd  in  (he  thin  nnicoiin  iopmhr«n«! ;  thr*i!  %-rMpts  are 
very  tm^euUr  in  oize  and  outline,  and  some  nf  them  pmin-Mi 
vxlves.  Their  rourse  is  chiefly  parallel  to  the  surface,  and 
both  in  lon};itiidinal  as  well  at  in  transverse  sections  thro-jt;h 
tbc  longnc  a  i^ieat  many  vcmcIs  arc  Been  cut  longitudinally. 

Sappey  describes  line  vesteU  which  enter  the  pa|>illn  and ' 
then  form  a  network.  I  can  fully  confirm  this,  for  1  find 
that  each  papilla  filiformis  and  fungiformis  (which,  as  is  well 
known,  are  again  posnevsed  of  minute  secondary  papiltic)  of 
the  human  tongue  contains  its  own  network  of  lymphatics. 
J-'rom  the  network  wr  tre  lypijthatic  ressett  a*cendin^  the 
seeondary papilla--  and  either  terminating  in  a  ctucal  extremity 
or  in  a  lu<>p. 

In  auimalfl  (dog,  rabbit)  this  is  in  w>far  difllerent,  as  tbv 
filiform  )wpillEc  are  mostly  simple,  not  compound,  but  in  the 
fungiform  jMpilliD  the  same  relations  exist  o«  in  those  of  tbe 
human  tongue. 

43.  The  pRpilliD  cireumvitllatic  of  the  human  Inngae 
contain  a  very  great  number  of  lymphaiics.  They  are  alt 
fine  Tcssels  connected  into  a  network,  which  does  not  show 
any  apecial  richness  at  the  Imisc  where  the  tastc-goblels  are 
found;  on  the  contTary,  the  vessels  are  if  atiyihing  less 
numerous  at  that  part  than  at  the  rest  of  the  "  |>apilla." 

In  the  papilla  foliala  of  the  rabbit  each  of  the  ridj{f!S,( 
which  con^lilutrs  tbi>  organ,  and  a«  is  well  known,  corres-f 
ponds  lo  the  "  papilla"  of  a  circumvallate  papilla  drawn  out ' 
into  a  fold,  contains  at  its  basis  rows  of  1aste>gu!ili't«;  we 
find  here  in  so  Ux  a  variation  of  the  above  arrangement  of. 
the    lymphatics,    as    from     the    superficial     network    ikeref 
generally  ascends  in  the  centre  of  each  of  the  fold*  a  (J&fl-I 
lUu  or  siiMoai   lymphatic    which   teiraioates   iu   a   caxall 
exiremily  nnir  thi-  lop  of  the  fold,  but  dors  ntit  reach  as 
high  a*  (he  lilood-ves-iels.     In  some  folds  small  brancUlvts 
nay    he   found   to  come  off  at  the   basis   frtim    the   pcniral 
Teasel ;  they  then  ascenJ  townrds  the  ta^te-gobleu;  it  ts  noi 
possible  to  asrcriatn   wltvtiicr   they  stand  in  any  defintta 
relation  to  the  latter. 

44.  At  Lbe  toot  of  the  bnman  tongue,  where  the  mucous 
membninr  contains  ma»sr»  of  aJcii   ■  '     '  '        '   " 
or  as  more  or  lest  w<-ll-iU<finrd  lym; 
menl  of  the  lymphatics  in  su  far  tuBtitt  au  Alt«ration  •»  (Inir  J 
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p)exu*e«  become  as  it  were  L&tcrriipted  hj  tlie  lymph- 
folUcIes, 

Tbrsp  Inttcr  apppnr  durroanded  by  snccalar  1}-tni>liatios, 
Wt  a1»oanioiig!il  ihn  diffiiM  mMMt  of  advnoiil  ti«»uc  may  be 
•cen  lymnhHlic  vessek. 

In  botb  iiiKlunces  tlie  endolholial  whI)  of  the  lymphatic  is 
directly  ronlinuoug  with  th«  n-.ticulum  of  Ihr  turroutuling 
adenoid  tiitiie,  ill  tbc  sainf!  maniier  as  I  lU-Mrilxhi  it  both  of 
tlie  B«TQUH  metubranea  and  the  bronchial  walls  in  Parts  1  and 
II  of  my  '  Anatomy  of  the  Lymphniic  SyateiD.' 

45.  The  lymphatic  vc»»«1b  uf  the  dwijwr  parls  of  tho 
totigue,  that  \9,  of  the  connective  ti»ue  separating  tb« 
muselfr-bandles  of  the  tongue,  are  exweJingly  numerous, 
very  large,  poH«»t!cd  of  valvra,  and  anastomosing  into  n  rirb 

{ilcxtiR.     Their    efferent  trunkti  run   in   company   with  the 
Bigt!  blooti-T«3acU,  forming  around  these  a  beautiful  plexus. 

The  arlcriiil  branches  of  the  muscular  tissue  of  the  tongue, 
u  well  as  those  entering  the  mucous  membrane,  arc  generally 
accompanied  by  one  or  two  lymphatic  vessels;  in  some 
iostatiecfi  these  latter  appear  like  ttintiHes,  imsaginatintf  the 
wAoh  or  the  greater  part  of  the  circumferettce  of  the  blood- 
vessel. 

4t(.  The  arrangement  of  the  lymphatics  of  the  fal-tissuo, 
in  the  lip,  in  the  Hiibmiicoiis  tissue  of  the  soft  palate, 
especially  at  the  base  of  the  tongue,  being  in  all  respects 
identical  with  that  described  of  the  fiit-lissue  of  the  skin, 
does  not  require  any  spMial  dew-tiption ;  the  connection  of 
till!  lyniphutir;  vessels  situated  in  the  t'onncctive'liKxiic  septa 
between  latter  or  smaller  groups  of  fai-cetis  with  their 
ultimate  radicals  between  the  individual  fnt-cells  is  very 
distinct  in  parte,  where  the  lymphatics  have  lieen  success- 
fully injected.  The  root  of  the  tongue  of  the  child,  rabbtl, 
and  doc;  have  yielded  the  best  preparations. 

47.  The  mucous  and  serous  glands  in  itio  root  of  the 

inguf,  as  well  as  the  mucous  glands  in  other  p»rts  of  tho 
oral  cavity  and  pharynx,  po«^se«5  tliitir  own  lyinphaiits.  The 
tongue,  after  its  lymnhatics  had  been  injected  with  Berlin 
blue,  if  hardened  anu  the  sections  obtained  from  it  stained 
in  picro-rarmiiie,  yields  vcrv  beautiful  specimens.  There 
can  be  no  doubt  whatever,  tnat  just  as  in  the  case  of  the 
sweat  glands  of  the  $kin,  so  also  in  that  of  the  mucous  and 
serous  ^l»nds,  thr  lymphatic  HftscJj'  of  tha  turrounding  con- 
nectitt)  litsufi  aniistomoit!  mt/i  tinuotit-iiJiii  cl'fls  mrrounding 
me/re  or  leta  of  the  drcumf'rence  of  the  gland-tubta  or  atveoii. 
These   lymph-clefts   arc   situated    between   the   membrana 
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propria  of  the  nlvtmli  au<]  tho  ifaja  connective-tiMoe  I«mell 
separating  lhea«  latter. 

In  Fig.  13  thete  interalveoUr  Ijrnpli-clefta  of  a  portioD  oS 
•  MTOU>  g1aD<I  ia  the  root  of  the  tongue  of  tho  rabbit  an 
well  shown. 

Roth  ihe  ducts  of  the  mucous  and  serous  fjlaods  ponasai 
thvir  own  lyraphntioe  ;  they  appear  as  lymph-spaces  extending 
along  (hi!  duct  for  a  longer  or  vliortvr  di^Iancv,  and  in  many , 
oas4-»  either  completely  invaginating  it,  or  onlj'  partially  so 
as  in  Fi^B.  14  and  15. 

48.  The  relation  of  the  Irniphntics  to  the  striped  muscle 
tisKue,  where  it  occurs  in  the  mncous  membrane  itself,  ejfj 
ill  the  lip,  palate,  and  tonB;ue,  is  a  very  intimate  one. 

We  have  already  mentioned  the  Urj;e  lymphatic  vesselffl 
present  in  the  connective-li^^ue  septa  belwren  the  bundle 
of  the  mnscli;-{i«iiiic ;  tUcy  arc  connected  into  a  plexus  whow 
vessels  run  chiefly  iu  a  direction  parallel  to  the  long  axis  of 
the  bundles.  These  vessels  may  be  appropriately  called  the 
tfl/er/asnVu/ar  lymphatics.  Just  as  is  tho  cihi  with  ibc  fat> 
tissue,  so  al»o  here,  the  ultimate  lymphatic  radicles  arc 
lymph-spaces  between  the  individual  muscle-fibrea.  Bach 
muscle-fibre  of  ii  butidle  is  surrounded  by  a  lymph-space 
(ste  Fig.  IC).  »nd  lliis  latter  is  consequently  contained 
between  the  sarcolcmma  of  the  muselc'fibre  and  the  con- 
nective tissue  separating  the  individual  uiuscle-flbFes,  i.e. 
the  endomysium.  These  lymph-spaces  may  justly  be  termed 
the  inlra/ascicutar  lymph-clelVw.  The  lymphatics,  therefore^ 
existing  in  the  bundles  of  the  striped  musck- fibres  are 
identical  with  these  of  the  nerve-bundles  as  described  by 
Key  and  Reizius. 

■19.  Wu  have  finally  to  mention  the  existence  of  continuous 
lymph-spaceit  in  the  shealh  of  thi*  nerve-bundles  and  tba 
capsule  of  the  ganglia,  existing  in  the  connective  tissue  bolli 
between  the  lobules  of  the  glands  and  between  the  bundlee 
of  the  muscle- fibres  in  the  root  of  the  tongue.  ThcM  spaces 
correspond  to  the  perineural  lymph-spaces  described  by  Key 
and  Itclzius  of  the  cerebro-spinal  nerves  in  general. 
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Th«  DBVKWjVMEMr  of  the  Water.olanim  in  <A«  Lkaf  of 

SaXIKKAU*  CRlr.sTATA.       Bj"  W'aLTEII  G\RIH,\KB,  Xullirill 

Sri«nw  SclioUr  of  Claru  C'o11ch''i  Cjiiiibiidge.  Willi 
Plaic  Will,  (from  the  Boimiical  Laboialury,  Cam' 
bridge. 

The  leaves  of  Sazi/raga  criMio/a^-oblong  olmvale,  willj 
a  cienatv  maiKiD — »'?  aicang«d  in  a  rosette  on  tbe  axii,  the 
intc'rnodt-ti  of  which  are  hurill}'  at  all  duvclopcd. 

In  UiR  ciMitre  of  each  of  the  lilllc  crenaic  lobes  with  which 
the  leaf  ia  friii^eit  is  seen  a  pil  or  depression,  covered  with  a 
while  iocrti fetation,  which  appears  to  spread  from  the  pit, 
covering  the  eutirc  lobe,  and  even  exicmling  over  otuor 
parU  of  the  leaf  as  well.  The  incrustaiioii  coiiMaIr,  api^a- 
renlly,  of  calcic  caibonale. 

If  a  iTansparciit  pTcjMration  he  mnde  of  the  leaf  (fig.  1}  it 
ii  M-Fi)  Ihnt  ihc  jH-ripheral  u:riniiiation«  of  the  tihro- vascular 
bumltes  which  raniify  through  tbe  mesophyll  present  th£ 
appearance  of  a  nuiiitKr  of  dilatations.  Kach  such  dilatation 
is  placed  immediately  under  the  bottom  of  the  depression  of 
each  lobcj  and  coiivtitutvs  what  is  known  an  tho  watcr- 
gUnd. 

The  mature  glands  of  this  plant  were  first  described  by 
Unjtei,'  but,  so  far  as  I  am  aware,  their  development  has 
nut  been  inves(i|;atcd,  and  it  is  the  object  of  the  following 
paper  to  deal  with  this  latter  question.  Since  the  develop- 
nieut  of  ihe  leaf  and  its  tissues  are  necessarily  very  cliwely 
connected  with  that  of  the  ghiiids,  it  seem*  be*t  to  cunsider 
first  the  development  of  the  leaf  a4  a  whole,  and  tlieu  that 
of  tlie  glandn. 

DeceJopriKTii  of  the  leaf. —  The  punclHm  vcgctationU  of 
Baxifraga  crutlala  is  a  hemispherical  mass  of  meTi.ttvmatio 
oelln,  the  oxUtmal  layer  of  winch  is  diffeieiiiiaied  as  a 
denuatogen  (fig.  'i).  I'he  first  rudiment  of  the  leaf  appears 
as  It  lateral  outgrowth  of  this  primary  tneristem,  coveted,  of 
course,  by  dermHlogcn.  At  first  the  rudimentary  leaf  en- 
lai^H  hy  rapid  iipical  growth,  and  thus  the  first  or  terminal 
lobe  is  formed;  with  its  formation  apical  growth  ceasea. 
The  further  elonjiation  of  the  leaf  lakes  place  by  tne  activity 
of  a  zone  of  meristematic  cells  at  its  base.  Hencei  itx  Rub- 
sequeut  growth  is  haHipetat,  i*.  e,  the  young<:itt  lobes  are 
nearest  the  base.     Uui  although  Ihe  growth  of  the  leaf,  as  a 

■  Beit.  S, '  PUniol.  iL  Pllxii.'  viii.  For  Ibc  lileratare  oT  llie  tuliject, 
uc  Dc  Boi;. '  Vorgl.  AuUOBie,'  pp.  U3.  »i!). 
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wboU,  i«  bwipcul,  ucb  psir  of  lateral  lobes  arifc  and  grow 
fiom  llic  hti*ii\  mcrisieinatic  xoue  iti  aa  a{iicitl  manner, 
that  th«ir  iIevclopm«Dt  is  quite  similar  to  tbat  q(  the  prima 
lube  {6g.  S).  SVhilst  ilie  «pical  growth  of  thv  tenniukl 
lobe  is  s:ill  proceeding  a  strand  of  culls  is  liiflerrniialsd  lu 
the  mi^diau  lint;  of  the  leaf;  (hey  are  email  and  t^loogaled, 
Iheir  nuclei  ate  very  con^picuomi  and  clouguted  in  furm, 
their  protoplasm  is  grnnuUr  uiid  stuns  da:ply  with  hariua- 
tosylin.and  their  cell  watls  arc-  very  delicate.  The  dificr- 
entiatiuu  jnuceirds  from  the  base  towards  tlie  auex,  althutigb 
it  may  be  said  to  be  almgel  simaluaeous.  Ihis  strand  of 
cells  u  eTidcnlly  a  piocambium. 

At  the  saine  time  that  this  differen Nation  has  been  gatnj 
on  in  the  leaf,  strands  of  cells  hare  become  differentiated  ' 
the  stem,  just  behind  the  jtunclum  vegttatwnit,  in  sucb 
way  that  thr  ajtex  of  one  of  these  strands  of  thi-  KU-m  is  on 
a  Ictel  with  the  base  of  the  leaf,  and  by  a  differeniiaiiun  ia 
the  few  intcTvcniiig  celU  the  ptocambium  of  the  stem  cotuea 
to  be  cuulinuuua  uith  that  of  the  leaf. 

Lik«  the  primary  lube,  the  lateral  lobe*  consist  at  first  of 
meristem  coveted  by  a  dermatogeo.  Here,  too,  the  prucam- 
biuin  becomes  diffiTcntiatcd  as  atrftDils  of  fiiniiUr  cells, 
exactly  TP»cniMing  ihu»c  tir»t  dc«cribcd.  The  procambium 
of  a  lube  may  be  directly  cuntinuoint  with  that  of  the  maia 
leaf-buuille,  or  nwy  join  with  one  or  mure  tiitands  from  con- 
tiguous lobes  before  so  doing.  The  diflerentiation  of  primary 
uieristem  into  procambium,  in  fnci,  does  not,  as  a  rule, 
follow  any  definite  course,  but  starts  at  particular  cent: 
aud  in  various  ways,  thus  giving  rise  lo  the  reiimlute  di 
uihuiion  of  the  fibTu-vascular  bundles  to  the  fully -de  velo]] 
leaf.  _ 

The  nt-xi  step  is  the  conversion  of  the  procambium  intn 
pcnuauent  lisiiue.  A  siujjle  row  of  spirally  thickened  prutoxy- 
Icm  cells  makes  iu  appearance  in  the  centre  of  the  median 
procanihium  strand.  The  further  couvercton  of  the  nieriste- 
tcwatic  into  permanent  tissue  takes  place  ceutrifugally. 

There  is  a  definite  but  slight  increase  in  the  number  of  the 
elemL'Uls  of  the  main  fibru't-ascular  boodle  from  tbe  apex 
towurd^  the  base.  The  wmc  of  nicri«trm  cell*  at  the  bise 
of  the  leaf  is  tmirrsed  bv  the  prininry  (ihiihTa>cuIar  hun>l 
aud  as  the  laterat  huudWs  are  dilfetenlialed  they  tieni: 
continuous  at  tbeir  prvsiixial  extremities  with  the  perinh 
portiuu  uf  the  primary  fibr(»- vascular  hundir,  which  is 
of  the  nature  of  procambium.  The  fact  that  '' 
of  ]in>(.'anibiuui  into  permaoi-at  tissue  takes  |  ' 
uifugal  mauner  allows  uf  cell  fusiua  so  Iniig  us  toi)  pi 
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biuED  irniniiis,  and  euablt^s  poinis  of  junction  to  be  eetii- 
bliehi-d.  The  Ust-fomieil  fibro-viisciilur  butidlos  become 
rijiiiii-«t(;<l  iu  the  Mime  nuiuivr  with  ilie  main  liiivnl 
bi  ancles. 

An  cxaniiiiaiion  of  the  thickest  part  of  the  midrib,  as  aeea 
in  K  iTuu^i'Hreal  prcpjiratioti  of  ibc  k-af,  einibles  one  to  make 
out  very  clcnrly  the  cumjiarative  ages  of  thu  eoimtitiicnt 
elements  of  nbich  the  whole  bundle  is  ciimpo^.  The 
TesMi*  in  vhich  the  turns  of  the  spiral  ihtckeniugs  nra 
apjiroxiinatcd  must  cIokcI)  cnn  alwayn  bu  traced  to  ihu  last- 
formed  or  youiigvst  lubes,  wheri^AS  tboa«  wksvIs  in  which 
thvy  are  niuit  niddy  sepuruied  belong  to  the  primary  Gbru- 
vaaculat  bundle,  and  between  these  two  extremes  lliero  is 
every  possible  graduiiun.  This  alio  proves  vuiiclusively  thai 
the  vessels  are  capable  of  Ktuwtb  after  the  foimatiun  of  the 
Spiral  ihickeiiiug.  The  xylem  and  pbloem  ate  uiraiiged  on 
the  L-ulltiieiat  ijpe,  and  the  bundle  is  surrounded  by  a  nell- 
developed  cududenms. 

Dec*iypMfsU  vj  the  %c<Uer.gla>td. — (laving  llius  followed 
out  the  diflerenution  of  the  tissues  of  the  leaf,  wo  may 
proceed  to  follow  out  the  development  of  the  water<glands. 
And  since  what  is  true  of  one  gUnd  is  true  of  all,  it  will 
suffice  to  study  the  dttvelopuieiit  uf  the  brst-fomned  or  ler- 
utinal  gland.  This  can  be  mo»t  saiisfaclorily  done  by  a 
M-ries  ot  luiijijitudinal  sections  uf  the  leaf  iu  various  alages 
ul'gionth  (lig  'i.') 

As  belore  sialed  the  rudinieiitaiy  leaf  consists  of  undiffer- 
entiated mtrisiematic  cells  covered  by  a  dermatofjen.  When 
thv  dilftireuliaiioo  uf  the  procjiiubium  bundlos  has  i4iki-n 
place,  the  mt^rU  tenia  tic  ground-tissue  ceils  at  its  agM'x  divtdu, 
lurming  a  mass  o(  closely  packed  pulyijunal  cells  with  deli- 
iatc  eell  walls  and  very  conspicuous  nuclei.  This  is  the 
fir>t  iudicaliou  of  what  will  hereafter  be  the  gland.  Tho 
luttber  eonveibiou  of  tbo  ptimni)  meristeiu  into  glan(Uti»su« 
ukee  place  fruin  thv  point  of  its  tirst  occurrence,  towards 
the  upper  sidcuf  the  leaf,  Anally  ending  bvneatb  the  der* 
muogeu.  Al  ilie  inner  extremity  of  the  gland  towards  lliu 
fibro-vascular  bundle,  and  al  tho  lower  third  of  its  under 
surface  (iiR.  the  turface  eortes ponding  to  ihe  lower  side  of  • 
the  leafj  vetuiin  cells  are  cuiiHpicuous  as  becoming  more' 
ulun^uted  >iud  lusilorm  than  the  rest  and  a>  Bubfitjui-ntly  pre- 
seniiug  reticulate  thickenings  uD  their  walls.  They  are 
joined  end  to  end,  and  rventuciUy  become  continuous  with 
the  spiral  vessels  of  the  bbru-vascular  bundle.  These  cells 
|ire:<ctita  series  of  iulerinediaie  forms  beiwetni  reticulate  cells 
will  spiral  ves&eU.  Al  the  same  lime  chan);ea  have  been  going 


410 


WjU/TKS  OAKOIKIB. 


on  in  the  primBTy  ^ouDd-ti»u«,  for  ihotc  cells  immptliitelj 
ii(!\t  ihe  ^liind  have  bvcome  iliSer«iitUu-d  in  ■  regular  mnd 
(le&uiif  iDiititiiT  «o  as  lo  form  s  aheath  of  one  or  at  uu«i  two 
U^er!^  of  celU,  entirely  sunounding  the  fiUiid  with  Uie  ex- 
t«ptioa  of  that  portion  of  it  which  i»  oornrd  by  epidermif. 
This  sbcnth  is  contiiiuouH  with  th«  eii(iod«rnii]t  of  the  baodla) 
of  the  le*f. 

Vmeiopmfnt  of  M«  voter-pore. — Od«,  two,  or  T«r«Iy  thtc«, 
of  the  cells  of  the  dermatogen,  whore  it  is  in  immediiite  rv 
latioQ  (o  the  outar  «nd  of  tlie  gland,  iiicntiuie  in  stz(>.  Each 
is  disttugui*hi-d  by  a  la^e  and  distinol  nncleua,  and  each  ia 
the  mothet-tcll  of  a  waler.pore  (fig.  4 ).  ^^ 

The  nucleus  of  this  cell  diridc*  and  a  wall  is  fonn«<|^H 
diTiding  the  cell  into  two  parta.  The  two  cell*  ifans  pni^^ 
dured  ecpnrato  from  one  another,  leaving  a  hole  or  opening 
between  then.  This  is  the  water-pore  or  water-siona.  It 
thus  oonsista  of  two  guard  cell*,  which  when  fully  developw) 
contain  chlomphyll.  There  ia  a  iliffcioitce  in  the  timr  of 
formation  of  a  water-pore  as  conirasltH!  nith  that  of  the 
ordinary  stoniata.  Thus  the  wat^r-por^s  are  fully  developed 
before  auy  trace  can  be  detected  of  the  ordinary  stonaut. 
This  diffcicnce  in  point  of  time  ia  exhibited  in  a  still  inani 
striking  manner  by  CroMula  mceitua,  in  which  the  w«ter- 
pK»re»  may  be  seen  completely  fanned,  vrhfn  the  cells  of  the 
epidermis  arc  just  beginning  to  divide  to  form  siomala  in  the 
]>eculiar  and  oouiplicaied  mannor  to  cfaaractcii»lic  of  the 
CraKsuUciu.  And  not  ouly  does  tlie  water-porp  differ  fntm 
the  stoma  in  its  time  of  development,  but  also  in  size, shape, 
and  mode  of  dcn-lopment  (figs.  S  and  9).  It  ts  slightly 
larger  than  the  stoma.  Its  mutour  i«  roundeil  as  comparvd 
with  the  eliiplicat  shape  I'f  the  ordinary  stomata,  the  farcatlth 
being  greater  in  the  former  than  in  the  latter  oue.  The 
actual  pore  or  opening  of  the  stoma  is,  however,  larger  than 
the  water- pore. 

The  watet-pore  is  thus  produced  by  the  simple  diniion  iniA 
two  equal  haltes  of  a  cell  uf  the  dermatogeo,  which  has 
become  laigci  than  ibi  neighbaur*.  This  ia  well  thown  by 
fig.  4,  which  is  a  surface  view.  Bui  the  onlinjtry  alona  w 
fbrmed  in  a  more  complicated  manner.  Uue  of  the  cells  of 
tbt  dartnatogen  divioM.  Of  the  two  oclls  tliu*  produeed 
one  lifctmiM  ibi'  -itU  of  Ui«  stona.     It  imaeaae*  ia 

size, and  after  )i:  ^ivistou  of  tbe  nucb>u*,  .t  waIIhh 

its  apitearance  in  nearly  every  cane  at  right 
plane  uf  iha  first  divisiuD,  aud  t)i us  forms  tlu  .  -. 
colls  of  the  atuma.    The  aoooud  rell  of  the  two  foimnl 
the  Snt  instance  beomiM  ■oRtewhal  displaced  in  the  cuu 
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of  eubseqavnt  growth.  It  nsvcr  aeemB  to  prow  tts  lorgc  u 
tlie  ttdjoiiiing  ■•pi(li;rmal  txlla,  atid  may  always  be  recotfiiised 
in  ihe  fully  developed  conditiou  as  inteifcria);  with  the  ar« 
rantfcmem  of  the  four  or  five  epidermal  culU  which  would 
otlierwJKc  Mtrround  tlio  atom*  in  a  syumclricai  maitiicr 
{figa.  9  and  10). 

Ghmd  hairt. — At  the  same  lime  that  the  mother-c«IIs  of 
tlu!  water-port-s  aro  making  thvm«vlvfH  appiiimkC  by  their 
iDcreased  simi,  outgrowtlift  have  ariten  on  the  surface*  of 
oomeroua  deimatogen  cells.  These  are  the  rudiments  of 
the  tmall  knob-like  hairs  which  are  borne  in  the  mature 
leaf  on  the  side*  of  the  deprfiAsion,  which,  a>  haw  already 
been  mentioned,  marks  the  position  of  the  gland.  They  are 
nprcially  numerous  on  the  outer  side  of  the  lobe,  and  when 
fully  devel(j(i«d  arc  ulmost  perfectly  sphertCJil,  with  very 
thick  aud  very  highly  refractive  cell  walls  (fig.  6).  Cell- 
divi*ioD  though  not  t-ell-growth  of  the  water-gland  tissue 
practically  cuast-s  with  thv  division  of  the  mothitr-cell  of  the 
water-pore;  but  in  the  leaf,  oell-division  still  goes  on, 
ceasing  only  with  (he  formaliou  of  atomat*.  As  a  conse- 
i]uence  of  this,  depressions  sre  produced  over  the  glands, 
ihe  aidea  of  which  are  fringed  by  the  delicate  highly  rvfruc- 
tive  hairs. 

Structure  of  the  mature  gland. — By  far  the  larger  portioD 
of  the  gtand-tissue  is  msde  up  of  polygonal  cells,  slightly 
longer  than  bruad,  closely  fitting  one  to  the  other,  with  no 
intercellular  spaces-  The  oell-walls  are  thin  and  the  cella 
tiiemselves  are  much  smaller  than  those  of  the  surrounding 
ground  tiseuv.  The  protoplasm  is  very  grauuUr.  At  first 
tt  fills  the  cells  entiri;ly,  with  the  nucleus  in  the  centre. 
X^licn  mature  n  centml  vacuole  makes  its  appcnrancc,  and 
ibe  protoplasm  then  forms  a  thick  layer,  which  closely 
invests  the  eel!  wait;  tlie  nucleus  is  vitbur  imbedded  in  the 
protoplasm,  or  it  is  suspended  in  the  vacuole  by  strands  of 
ptotuplastn,  iu  position  being  no  longer  ceoUal  but  ec- 
ceuuic  (see  fig.  7).  The  whole  gland  is  roughly  pear- 
shaped,  broad  towards  the  surface  of  \\n:  lea^  tapering 
inwards  towards  Ihe  tibro-vascular  bundle  (figs.  5  and  6). 
It  ia  inveatr-d  by  a  sheath  of  cells  continuous  with  the 
endoderwis  of  the  fibro- vascular  bundle,  except  where  it  ia 
in  contact  with  the  epidermis.  The  endoderntis  celts  are 
long  and  cylindrical  with  moderately  thick  walls.  Thoy 
Gfiototn  numerous  chlorophyll  granules.  External  to  this 
is  tbe  mesophyll  of  ihi;  leaf.  Free  coinmnn  teat  ion  between 
ibe  gland  tissue  and  the  external  mesophyll  is  afforded  by 
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mvana  of  the  one  ox  more  water-pores,  tlie  deTelopmeat  uid 
Blntctuie  of  <»^hich  we  hare  previously  siudied. 

MoiU  of  action  of  lAc  i/hnd. — Since  iln^  aim  of  tliie  paper 
is  to  ri'garii  the  gland  solely  frona  a  histological  •tamlpotni, 
tile  mode  of  action  will  be  only  glanced  at  in  a  very  cursory 
manner.  In  the  daytime,  when  the  tvmpcrnturc  it  high  and 
tranapiraiiun  very  vigorous,  the  Mcreiiuii  of  dropa  uf  water 
does  not  lake  place,  and  even  if  water  be  secreted  by  the 
gland  cells  it  la  evaporated  as  fitst  u  furmpd.  B>it  at 
night,  when  the  temperature  falls,  causing  decrease  of  tm»- 
Bpiration,  the  walls  of  the  vessels  and  even  the  vess^ 
themselves  become  gorged  with  wat«r,  and  every  facility  for 
secretion  by  the  gland  is  olFered.  Then  dio|»  exude 
through  the  water-pores  subsequently  filling  the  pit.  Now 
the  portion  of  the  lube  which  intervenes  between  the  gland 
and  the  edge  of  the  leaf  slope*  downwards  and  outwards, 
and  it  is  on  this  side  especially  on  which  the  hairs  snr- 
munding  the  pit  are  roost  abundant.  As  a  consequenee, 
when  an  exc«ss  of  water  is  secreted  and  the  pit  overSows, 
the  water  will  tend  to  collect  on  the  margin  of  each  lobe. 
The  water,  charged  as  it  is  with  carbonic  acid,  bold*  in 
solution  a  quantity  of  calcic  carbonate.  As  the  water  eva- 
porates and  the  carbonic  acid  gas  comes  off,  the  chalk  is 
precipitated,  and  that  which  is  deposited  in  tlte  vicinity  of 
the  pit,  lends  to  aggregate  around  the  hairs  and  becomes 
thus  firmly  held  and  prevented  from  falling  into  the  nit 
and  EtoppinK  up  the  water-pores.  In  spite  of  this  special 
provision,  however,  the  older  glands  frequently  lieeume 
inefficient  on  account  of  being  choked,  ihe  pit  becomiiu 
completely  filled  with  the  very  large  concretions  tf  cfaalk 
formed. 

The  whole  phenomenon  may  be  easily  Men  by  placinf  a 
bell  jur  over  a  vigorous  plant.  Since  the  air  becotnes 
saturated  with  aqueous  vapour,  transpiration  is  reduced  and 
large  drops  of  water  are  secreted.  On  removing  the  jar, 
the  water  rapidly  evaporates  and  a  deposit  of  chalk  b 
formed. 

Gtandt  in  gtntr^. — As  fiur  as  1  have  had  an  opportonity 
of  examining  water-glands,  it  appears  that  thi-  gland  of 
Sa^ifroffa  rmstaia  is  tlie  most  bigttly  differentiated  uf  all  as 
regards  the  special  provision  made  for  the  deposition  of  the 
calcic  carbonate,  the  distinct  diffeieotialina  of  the  gland 
tissue,  the  well-marked  endodermis,  the  extrvmu  grotiuTarlty 
of  the  protoplatm,  and  the  activity  of  function. 

NcxI  cotue  the  glands  uf  the  Crassulas,  where  there  ace 
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neither  bairs  nor  «»do4leriniN.  Tlie  {troloplasm  is  nut  nearl]r 
BO  c^nnular,  neither  is  ihe  activitj  of  fuoclioii  so  great. 

Urtworu  tli«  glands  of  tho  Sitxifrngacra;  xnd  CtassuUcee 
onil  ihote  occurring  in  ibc  n»t  of  tii«  v^g^labk  IcinKilom, 
tliere  appentB  to  be  a  great  gsp.  We  look  in  vain  for  iha 
well-ditfrrctitiated  gland  nni)  the  conspicuous  dilFerence 
Wtwt-i'ii  the  glaiiii-cirlU  nnd  (hv  Jidjnwint  purenchymu.  But 
the  w«ter-pore  long  pres^^TVCS  its  iuiliviiluality,  although  in 
manjr  ca»c»  it  (ccmn  prohable  that  its  function  is  uken  on 
b/  Kn  oriJiiiarv  Htoma,  of  which,  indec^l,  crvu  in  its  most 
drflt^rentiated  toira,  it  is  but  »  modification. 

It  is  inieTrsting  to  note  that  the  diminution  of  gland-tissue 
is  often  iic4:um[iiiiiiril  hy  sq  incieiisc  of  fihro-vascular  tissue, 
which  appear  to  n.'plact!  it.  Coinpurin);,  for  intttanoe,  iS^^ri'- 
fraga  crutiala  and  Crassula  arloretcent,  the  reticulated 
cpIIk  at  tlic  haitc  of  tho  gUnd  aie  much  more  numerous  in 
tbe  Utter  than  in  the  former,  and  this  scvnis  to  be  a  geuerat 
tendency  in  the  less  highly  differentiated  gland*. 

As  to  the  po«ition  of  the  glands,  it  seems  to  be  «  rule 
that  they  occur  on  the  margin  of  the  U-af.  The  exceptiona 
lo  this  stjilement  are  afforded  hy  Crassala  oordifolia,  Craitnia 
arborescem,  and  Crassulu  portulaci-a,  where  ihey  ootur  dis- 
tributed orer  the  surftice.  In  leaves  with  an  entire  margin, 
Ihcy  usually  occur  only  at  ihu  »|>vx,  t. «.  the  extremity  of 
the  main  fibro  vascular  bundles,  as  in  tpeuies  of  Azalea, 
Myoiotit.  In  leares  nhose  margins  are  cut  or  indented 
there  may  l>v  a  gland  ut  the  npex  of  each  tooth,  as  in 
Primula  tinettsU,  Fuchsia  ghhota,  AUhfmiUa  vulj/ari*, 
butwtrn  two  teeth,  in  the  indentation,  ua  in  (^nuttla 
^athttlaia^  oi  even  on  the  sides  of  the  tooth,  as  in  Senedo 
petaniiM.- 

In  apcciei  of  Saxifraga  they  appear  to  occur  only  on  the 
up[K!r  side  of  the  leaf.  In  Crauula  lactea  and  Craatula 
coceinea  on  the  upper  and  undci  margin,  and  in  Set/um 
Sieioldii  only  on  ihc  under  side. 

The  number  of  wraler-pores  in  relation  with  each  gland 
varies  very  much.  In  Sarifraga  cruslata  S — 3,  Brtfo- 
phyllum  calijf^inum  iS— 6,  Crattula  cwxinea  1 — 3,  Crastula 
tpathulata  15 — l^U,  Cratsula  lactea  15 — 18,  Primula  tinentla 
1 — 2,  Hordeum  tulgare  1 — S. 

In  by  far  the  larger  number  of  plants  the  actirity  and 
life  of  tnu  water-gland  and  structures  analogous  to  it  appear 
to  1>e  co-existent  with  that  of  the  leaf  as  a  whole.  In 
certain  cases,  however,  e.y.  species  of  Mufa,  UUhardia,  and 
gTBMes,  in  which  Ihe  gland  in  borne  at  the  apex  of  tbo  leaf, 


^^^^^^^^^H 

!^^HH 

^B                 Hi                                         WALTKK  OAROINBB,                                    ^^^^| 

^H            the  appi  KWn  withnv  and  ihv  gland  become*  dostrojred. 
^H            Thus,  ill  very  young  barley  planta  {Hortleum  tulgart)  Urge 
^^1            dmM  of  water  may  be  seen  hanging  on  the  apex  of  each 
^^1             leaf,  er(>D  tfaou);))  Ine  temperature  of  the  vurTOUiiding  air  be 
^^1            a>  much  as  71'^  Fahr.     As  tlicy  grow  older  tho  «ccnitiaa 
^^M            atopK,  and  later  on  each  leaf-apex  withers  up  and  die*. 

1 

1 
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The  DxYSLOFHBXT  of  tAe  Spermatozoa.  Part  II,  Hklix 
and  RaWa.  By  J.  E.  Bi^omfiei-p,  B.A.,  Oxoii.  (With 
PU(e«XXIVaiidXXV.) 

Tnit  fullowinK  otKenations  on  ihe  dMelopment  of  th« 
Bpcrmatozon  in  liana  and  Hi-lix  vrcro  mad*  as  seqiipls  to  * 
paper  publiihvd  in  tl>i«  Journal  "  On  the  DeTvliipment  of 
the  SiwnnaloKoa  in  the  Eaitb-worm.**  The  ohservation* 
have  extended  ov«t  more  than  a  yrnr  in  each  case,  and  by 
the  kindnvMS  of  Prof.  I.atike«t«r  I  have  Iwen  allovrcd  to 
work  in  the  Zoological  Laboratory  of  University  Collide, 
to  whom,  for  this  kindnees  and  for  his  iiilvice,  my  best 
thank*  are  due. 

A.  Helix. — I  was  led  to  make  these  observatioiig  I  in 
eonseqiieDCe  of  finding  that  in  the  development  of  the 
Bpennnt«>xo«  of  Lumbnctu  a  ponton  of  the  protoplasm  was 
left  behind  to  MTve  as  a  support  for  the  developing  ii{K>rnia- 
tozoa.  I  looked  to  »ee  if  this  "  blaatophoral  cell,"  iMtrhajx  of 
theoretical  interest,  occurred  in  other  funns,  and  takiog,  by 
chance,  Hi^lix,  T  found  that  the  sjiermatoxou  were  held  toge- 
th<:r  at  their  litada  in  bundles  bv  darkly  ^nnular  cnllt, 
which,  similar  in  function  to  the  blnstophorat  corpuscles  in 
the  worm,  differed  from  them  in  the  pOMenioD  of  a  nucleus 
(fig.  US). 

To  determine  the  relation  of  thU  cell  to  the  spermatozoa 
it  was  noccssary  to  work  through  its  development,  and  I 
eootinued  my  observations  on  Uelix,  now  and  then  makii^ 
prcpnrnlions  from  other  GsMtcropodn  in  which  the  process 
Ncvnu-il  tu  be  curried  on  in  a  simitar  way. 

If  the  ovoleslis  of  Ilelii  be  opened  about  the  end  of 
summer,  in  September,  and  the  contents  examined,  the  first 
and  last  stages  of  the  series  will  be  seen,  the  first  consisting 
of  s])herical  cells  with  relatively  large  nuclei,  in  which  a 
well-marked  iulranuclear  network  is  ^eoerally  visible; 
and  the  la-it,  of  mature,  or  nearly  mature,  speroiatoKNif 
united  by  their  beads,  in  most  cases,  to  au  irreguUrly  shaped 
celt,  which  is  noticeable  for  its  dark  blae-black  granules 
after  treatment  with  oHmic  ueid. 

1  say  in  most  cases,  because  tbia  cell  is  not  present  in 
every  bundle,  but  its  absence,  1  believe,  may  be  accounted 
for  by  its  having  fallen  off  during  the  slight  teasing  neces- 
sary to  spread  the  contents  of  the  testis  on  the  sliilc,  or  by 
the  fact  that  the  bundles  of  spermatozoa  ate  cast  off,  leaving 
the  cell  behind. 
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The  mature  spermatozoa  of  Helix  exhibit  a  small  pei 
shaped  hrad,  which  alsins  ri'iidilT  nith  picTocarmine,  and 
a  lung,  slightly  flattt^iied  tail.  Btrnidos  the  very  early  a(ag« 
of  the  nuclpaleil  a  perm  a  to«  pore,'  the  first  commence  men  t  of 
the  rormatioii  of  the  polyploat  U  evident  iii  ovlls  with  two 
or  three  nuclei  and  a  corTes|M>iidiiig  slight  tegroeiiiatioii  of 
the  enveloping  protoplasm.  In  this  slate  the  testis  is 
fouud  during  the  winter  when  the  animal  is  torpid,  and  nn 
further  growth  ukcs  place  till  llie  following  spring  (Plate 
XXIV,  figs.  1—6). 

If  the  contents  of  ihe  ovoteatis  be  examined  in  the  spring, 
in  the  months  of  May  or  June,  the  spiTmatofpgres  will  be 
found  to  have  advanced,  most  of  them,  to  the  stage  of  poly- 
pUsU  of  the  ordinary  mulbcrry-liko  form,  consisting  of  pear- 
•haped  siK-rmiitoblust^,  one  uf  which  can  be  ilistiDgttllbed 
from  the  rest  by  (he  granular  nature  of  the  plasma  around 
it  and  by  the  larger  size  of  the  nucleua  (fig.  9  &,  c).  This 
nucleus  also,  under  the  action  of  picrocaimine,  takes  np  a 
darker  hue  than  that  of  the  surrounding  spermatobUuts. 
It  is  not  so  large  as  the  nucleus  of  the  original  cell  (aperma- 
tosporej. 

This  cell  is  always  on  the  side  of  the  polyplaxt,  next  to 
the  wall  of  the  ampulla  of  the  gland,  and  it  is  the  first 
appearance  of  the  blastophoral  celt,  which,  from  the  lime  of 
its  appearance,  undergoes  no  further  division,  but  rrmmins 
inactive  while  the  other  spermatoblasls  continue  their  pro- 
cess of  multiplication  more  or  le«a  supported  by  it. 

During  the  proccM  of  formaiion  of  the  spermatoblasta  the 
nuclear  divbion  appe«rs  to  take  pUce  with  no  malhemattcal 
regularity.  The  nuclei  do  not  divide  at  the  same  time,  so 
that  an  uneven  number  of  spermatoblasts  is  as  common  as 
AD  even.  In  the  early  stages  the  cell  with  three  nuclei  is  as 
common  as  that  with  two  or  four.  It  ia  possible  that  one  of 
the  nuclei  of  the  three-celled  form  ceases  to  undergo  furibet 
change  and  remains  as  the  blastophoral  cell,  while  llie  other* 
continue  their  development ;  but,  as  there  are  no  granalra  or 
other  charnctcHMtc  marks  to  distinguish  this  body  beforo 
tlie  stage  uf  eight  or  ten  sperm  at  obi  asis,  il  is  impossible  to 
say  whether  this  is  the  ca«e  or  not. 

To  see  the  remainder  of  the  process  of  the  development  of 
the  epermaiosoa,  the  contents  of  a  generative  gland  mtut  be 
taken  about  the  beginning  of  August.  Thin  appears  tu 
consist,  as  in  the  eartb-worm,  in  an  elongation  of  the  aoft 

>  Witlt  niamt  tn  tbesa  B*d  ollwe  tersi,  tm  mj  fennar  pav".  >!■» 
Jovrnal,  JtBaarj,  lSli<),aad  aba  tint  list  of  tcnas  st  Uu  ead  ol  tlie  prueai 
paper. 
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vi&cid  protonlasm  of  the  spcrmatoblnft ;  but  ihe  nucleus 
does  Dot  uiiaerg:o  any  oorrv»pouiJing  iiicriruM  in  Ipngtli,  it  is 
only  reducinl  in  tixe  h»  dirisiou  proceeds,  and  finatl)'  asaumns 
ita  mature  |iyriforin  shape. 

Before  any  sign  of  commpRciDg  clongntion  of  the  platraa 
in  *i»ibii!,  the  nwcli-u*  apiH-ais  at  ilie  ]>oie  of  the  sperinato- 
tilait,  next  to  the  blnBtophoral  cell ;  and  soon  after  this, 
from  the  opposite  pole,  thrrc  may  be  &een  »  fine  whip  of 
prutopliuin,  nhicl)  con«i*ts  of  a  proximal  thort,  Mtiffcr  por- 
tion, terminating  in  a  slight  knob,  and  a  distal,  very  fine 
Uahlike  part,  vbi^rb  requires  a  good  light  to  make  ita 
presence  recogniKablv. 

Thi«  (iluinrtii  i»  vitiihle  at  the  extremity  of  the  Hpnmiato* 
hla.^t  for  »otne  time,  but  appears  to  be  absent  in  the  mature 
gpermalozoon.  It  seems  as  if  it  served  at  a  guide  to  the 
rlongating  platnia,  and  became  itself  swallowvd  up  in  the 
proecits  HS  it  nears  completion. 

This  elongation  of  tbe  plasma  tteems  to  be  a  kind  of  flow- 
ing down  ot  the  acmi-viM:id  substance,  for  sometimes  Ihe 
grt-ater  part  of  it  is  found  as  an  irre^tular  or  roughly  njilieri- 
eal  drop  collected  at  the  distal  end  uf  ihe  spermatublast ;  at 
other  times  it  elongates,  an  a  wholp,  with  various  swellings 
in  droplike  beads  at  the  ilisial  end,  giving  it  a  monilliform 
a  p  [tea  ranee. 

Division  of  the  nucleus  appears  to  continue  after  thu 
external  plasma  has  i-ummenced  to  "  drop,"  as  Ihe  mass  is 
not  always  diviilt'd  below  in  correspondence  with  the  nuclear 
bi-ads;  it  is  not  uucomroon  lo  find  tvro  or  ihrco  heads 
connected  wiih  a  common  mass  of  protoplasm,  from  the 
dimnl  end  of  which  tlieru  is  commonly  to  be  »vcn  a  corre- 
sponding nuniliL'r  of  lushes. 

As  regards  tbe  fate  of  the  blastophoral  tell  afler  the  spcr- 
matOKoa  have  left  it,  1  buve  no  observations  to  offer;  but  if 
one  may  ju'lge  by  what  oc<:urs  in  other  divisions  of  tbe 
animal  kinKdmu,  it  is  extremely  probable  Ihat  it  atrophies. 

Saiut. — filructure  of  ihe  testis  and  arrangement  of  the 
tata  rfferentia. — Though  tbe  frog  is  such  a  common  animal, 
and  ita  anatomy  m>  perpetually  studied,  there  is  nut,  so  far 
as  I  am  aware,  a  figure  or  concise  de!ii:ri)itiuu  of  the  tvslis 
and  iiseffertmt  ducts  in  this  language,  t  therefore  append 
•    diagrammatic   wuodvut  of    thu   right   tc-stis  (t.)   and   a 

Jortion    of    the    right    kidney    {k.)    with    the    fulluwing 
nscriptiun  : 

Speiig4>),  in  his  "Urogenital Systemof  Amphibia,"  published 
in  '  Seniper's  Arbcitt^u,'  vol.  iii,  gives  nn  account  of  the 
testis  and  its  ducti  as  found  in  Kana,  and  from  this  my 
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accoant  is  tlrawn,  confirmed  bj  vaj  own  obseTvatioa  M  fat 
RS  that  bas  gone. 

The  tcttis  coneiets  of  ■  series  of  vhort  tubes,  wliicli  fur 
want  of  a  better  name  I  have  called  Crypti  (c),  wbicb  wil 


Te- 


be  seen  in  a  horirontal  or  transTerse  section  to  b«  arranged 
radially  around  the  circumf»enc«  of  the  gland.  In  the 
centre  is  an  inrgular  sinua,  into  which  theao  crypu  upen, 
but  not  in  a  radial  direction  :  before  doing  so,  thcra  is  acon- 
■idenble  wtmling  ami  iwiKling  of  each  crypt  (c.').  Prom 
this  sinus,  with  various  rumnrnnications  mnd  bivuiibiiin 
which  constitute  the  intralesticuUr  network  of  Speogcl, 
the  vaaa  effcrentia  (r.  &.)  ran  ihroush  the  parenchyma  ' 
the  gland  to  emerge  at  the  mediad  border  uighllj  oa  i. 
poaterior  surface.  They  unite  u^tbcr  on  the  way,  anJ 
sometimes  give  off  tbort  blind  proceasea.  This  ia  the  ex- 
tmlcsticultir  network,  all  the  branches  of  which  nniie  in 
canal  which  ia  foood  on  the  mediad  bunW  of  the  kidc 
(f.r.>  This  is  Spmgel's  "lang  canal,"  which  runs 
Ibe  DUHltad  poaterior,  or  dwaal  snifiut  of  tbe  kidney. 
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When  ieolaud  thi>  canal  prL>s«nU  •  varicose  Appearance, 
iind  from  each  Hvrt:lliiig  may  t>e  seen  a  dliott  tuW  running 
on  Uie  dorsal  surface  of  the  kicluey  townrds  the  uretur,  but 
it  koon  becomes  lost  iu  the  substance  of  the  kidney.  The 
lime  Bt  nhicli  to  observe  tliete  canaU  and  the  whole  course 
of  tlieaemen  is  iii  the  spawning  time,  when  by  squeezing  tlia 
gland  the  vessels  bpcomc  injected  with  spermatotoa  aad  are 
cooapicuous  by  their  pure  while  colour. 

T\\c  urinary  tubules  into  which  these  canals  0|>en,  were 
determined  by  Spengel  to  be  the  collecting  tubes  or  last  part 
which  runs  trunKver»^el)'  acroM  to  joia  the   urclcr,  and  so 

KDvey  the  semen  lo  the  exterior. 
There  was   no   difference   discernible  in    a    tube  which 
ntained  spermatozoa  from  tliat  which  had  none. 

DevtJopmmi  of  tht  SpermatosMi. — The  derelopment  of 
the  snermaioaoa  of  Rana  will  he  most  conveniently  describtid 
by  taxing  the  structure  and  contents  of  the  testis  at  four 
different  periods  of  tJie  year,  ami  from  these  compiling  a 
complete  history  of  the  change*  undergone. 

If  the  testis  be  examined  any  time  uom  about  the  end  of 
August  or  the  beginning  of  September  till  the  spawning 
time  ill  the  spring,  it  will  be  found  to  be  full  of  bundles  of 
■p^rmatoEoa  Krrani;ed  radially  around  the  circumference  of 
a  testicular  crypt  (Plate  XXV,  (ig.  I). 

If  th<.-  coiiit-ni*  of  a  testis  be  received  and  teased  slightly 
iu  a  drop  of  salt  solution,  and  then  exposed  to  the  vapour 
of  osmic  acid  and  stained,  these  bundles  will  be  seen  to  nave 
Ukcn  up  ihi:  siaiuiug  fluid  for  the  greater  part  of  their 
length,  which  represents  the  nuclear  part  of  the  sperma- 
tozoon, while  ut  one  extremity  of  the  bundle  they  taper 
away,  generally  ending  in  a  slight  knot,  stained  yellow  by 
the  picrocarmine,  which  represenu  the  tail,  and  is  at  this 
stage,  when  obsvrvt^il  fresh,  in  a  slate  of  vibration,  like  that 
of  tlic  mature  S|>«rnialo»)un.  .\t  the  other  extrtrmity  of  the 
bundle  is,  in  the  majority  of  specimens,  a  msiss  of  a  rion- 
slained  sub»tanc<-,  nut  granular,  or  very  slightly  so,  which 
Dontaind  a  sphetical  or  ovoidul  nuclt^us,  and  it  was  this  body 
which,  from  its  similarity  to  the  blastophoral  cell  of  l.uro- 

icus  and  Helix,  first  induced   me  to  follow  in  detail  the 
tuTj  of  (he  development  of  the  spermatozoa  (Plate  XXV, 
IgB.  2— 6> 

This  bcKly  is  not  found  attached  lo  every  bundle,  but,  as 

the  subdrqiii-nt   history  will   show,  it  is  extremely  natural 

that  it  should  not  always  be  present,  as  it  is  left  behind 

when  the  ipcrmatotoa  are  shed,  and  in  many  cases  it  would 

deUched  during  the  slight  teasing  which  is  necessary  lo 
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KcpRralc  iho  biinil1«a  from  each  other ;  Ihe  adhesion  dec: 
«■  a^(^  iiicr«taAe>. 

The  bundles  of  spermatozoa  do  not  lie  a^inst  the  irae 
wnll  of  the  testicular  crypt ;  at  all  times  there  is  to  bv  ma«le 
out  quadrnt«  or  roughly  Kpherical  cells  which  represent  the 
teatiiiular  epithelium,  and  more  (nrticularlj-  i*  this  the  cum 
if  the  testis  be  taken  about  the  month  of  December,  when 
the  cell*  have  bi-guii  to  grow  sUghtljr  and  form  a  rery  ili*- 
tinct  epithelium  lieltveen  the  bundlcK  and  crypt  wall,  (ThU 
is  shown  in  fig.  1.)  Between  these  epithelial  calls  are  other* 
of  n  supporting  nature,  gcuonilly  sciniUinar  in  shape  and 
darkly  stained,  which  arc  thi:  interstitial  cells.  They  are 
particularly  well  seen  when  the  epithelium  is  looked  down 
on  in  a  section  which  has  passed  lungitudiually  alous  ■ 
crypt  in  the  right  plane,  or  in  seciions  of  the  te*tts  of  a  fio^ 
which  is  not  yet  sexually  mature.  Fig.  la  shows  two  m 
these  cells  firom  a  young  testis. 

The  next  »t-igc  is  to  be  found  in  the  early  summer  after 
the  siiawiiitig  lime  is  over,  when  the  testiii  is  empty  of  the 
bundles  of  the  spermatozoa,  and  consequently  rather  shrunk 
iti  size. 

In  a  t«ased  prcpuralion  of  this  ttagc  arc  found  a  few  un- 
broken biinilW  ami  many  free  snermatuioa ;  but  besides  tbesa 
thert'  are  peculiar  spindle-shaped  or  irregular  cells,  which  hare 
no  ilefinito  nucleus,  hut  wh.it  sit-ms  to  be  the  remains  of  a 
broken  up  nucleus,  vix.  two,  ihre«,  or  more  anhericat  aiftincd 
spots,    varying    in    size    and    in    position.      Frequently    the 
surface  of  the  c«ll  is  marked  with  striie  in  tho  longilndioal^J 
direction,   and  these  are  due,  1   believe,   to   the  adhi!siuil^^| 
of   the    spcrmaioxoa    round    this   body,   representing    thff™ 
blastophoral  cell,  which  as  they  slide  off  elongate  and  mark 
the  ceil  which  supporu-d  them  (figs.  9 — 21). 

Another  very  noticeable  feature  about  ihoe  cells  ia  the 
number  of  vacuoles. 

Those  cells  «e,  I  believe,  the  breaking  down  hlastopharsl 
corpuscles,  which,  after  being  drawn  out  by  the  sliding  off  of 
the  bundles,  and  having  served  their  purpose,  are  thrown  " 
and  undergo  dcgencrutmn. 

In  a  section  of  the  testis  in  (he  tumen  of  Ibe  crjrpt,  inlri 
mingled  with  free  spermatoioa  and  brenkini;  np  bundles 
are  seen  Ihe  6pi[idk'-Ghii)Hjd  cells  jukI  i  '         '     -i  th 

periphery  of  the  crypt  the  testicular  i';  .i  n  t 

fig.  1,4/'^.,  where  it  is  beginning  to  undergo  changes  of  growth 
CclU  nre  found  with  several  nuclei,  ofteu  etghl.nnd  iu  man 
places  the  epithelium  docs  nut  consist  of  a  single  layer  oi 
Cells  but  two,  fonnc<l  by  the  transveree  division  of  a  cell. 


TDK  UBVELOPMKNT  OF  THE  SPBRHATOZOA. 


iZl 


^. 


Id  pinccs  the  dcgeneraleil  blastopltoral  corpuscles  are  aeea 
pTOJectiiijj;  radiallv  lowards  ihe  lumen. 

The  nexi  etng«  for  ili-ocription  is  that  of  the  spcrm-polj- 
ptaats,  whirh  i*  ri'tttlietJ  ttboiii  tliv  cni)  uf  Jiilr  or  the  begia- 
ntng  of  August.  The  testis  at  this  stage  is  coDsiderably 
swollen  and  very  vnscuUr,  showing  that  growth  is  rapidly 
fCoiog  on.  The  mitiui<!  blouil-veitniil!*  »tv  ho  full  of  hlooil 
that  if  tilt!  Rurfoce  be  examined  under  a  simple  lens  the  ler- 
niinatioiiB  i*f  the  rrypts  are  marked  out  as  hesigonni  areto 
by  the  blood- vvML'lt.  In  a  M-ntivu  (tig.  US)  ii  is  vitn  that 
the  cryptn  eontaia  \aiae  niultiuucleBr  masses  which  alinoiit 
obliterate  the  lumen  of  the  lube.  They  are  in  various  states 
of  progiess,  the  more  mutun;  forms  projecting  as  pyriform 
mawKM  into  the  crypt,  and  they  are  more  or  less  held  toge- 
ther by  the  interstitial  cells,  $o  thai  in  making  a  teased 
pTeparation  it  is  uxci-filingly  dilUcull  to  free  them  Iroin  one 
another  niihout  Wraking  tht^m  up. 

Another  iinportatil  fact  about  iheiu  is  that  ihey  are  hollovr 
veticles  formed  of  a  single  layer  of  cells,  and  it  is  lowards 
the  centre  of  iho  cavity  that  ihu  tpermatoblasts  will  elongate 
to  form  the  spermatoiuia.  The  elongation  in  this  case  is 
different  to  that  in  Helix,  it  is  ceutri|)etal,  while  that  iu 
Uelix  is  centrifugal.  At  Snt  it  seemed  a  puzzle  how 
from  lhe*e  hollow  vesicles  the  spermatoioa  could  cunio 
to  he  arranged  in  bundles,  each  bundle  connected  with 
a  nucleus  and  cell,  for  at  first  there  was  no  evidence  of  s 
nueleus. 

But  on  examining  the  sperm-poly  plasu  in  fresh  salt  xolu- 
tion,  and  staining  with  magenta  or  picrocsrmiiie,  keeping 
the  mafs  under  ubKcrvation  while  the  staining  is  going  on, 
crrtiiin  nuclei  wftre  seen  to  take  up  the  staining  fluid  moio 
rapidly  ilian  the  rest,  two  or  three  to  each  polyplasit,  In-foru 
the  others  showed  mure  than  a  faint  tinge,  wiiite  the  inter- 
dliote  manii  of  plaiima  swelled  up  with  the  water  of  the 
■ulution,  and  became  mapped  into  areie  corresponding  to  tho 
sperniatoblaata  (6g.  iS).  On  more  careful  examination  it 
was  found  that  these  nucU'i  were  su|ierficial  to  the  rest,  and 
were  surroundiM  by  a  granular  protoplasm ;  and  in  their 
geueral  character  and  colouring  svemed  to  «how  iboir  con- 
nection with  the  hhistuphoral  nucleus,  which  is  devcnbcil 
with  the  ni-xi  olnge. 

Iu  bectious  stained  with  hiematoxylin  an  interestittg  dif- 
{erenc«  of  the  nuclei  of  different  polypliisu  ie  ot»erved, 
reprosenlod  in  ligs.  27,  88,  29.  This  appears  to  he  due  to 
clianges  in  llie  nuclear  network,  which  seems  to  bieak  up 

to  an  inegular  mass  before  the  nucleus  forms  the  head  of 
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the  RiMrmalozoon.  The  inlentitial  cells  still  huld  tlie  maues 
together.  About  the  middlir  of  AuguM  the  next  stagfl  i» 
reached,  th«  hollow  vviicle  b^iiu  to  coittiiin  derelopiDg 
•pcrmatoxoa,  which  appear  to  be  formed  by  eluuffalion  of  tha 
nucleus  to  form  the  head  aud  of  th«  protoplasm  to  funn  the 
taili  and  when  this  has  progrcaMid  some  way,  so  that  the 
head  is  about  half  its  future  leugth,  the  reticle  ajititt  and 
th*  $permaUibtaaU  fail  back,  wveral  iu  couDection  with  one 
of  the  EupcrticiiJ  nuclei  Tef^irmd  to  before,  on  to  the  wall  of 
the  crj-pi,  aud  asaume  a  radial  position.  After  thi«  the  only 
further  change  which  ukes  place  is  the  growth  in  length  of 
the  nuclear  head  till  it  lias  attaiued  tho  sin  of  the  mature 
sperm  KtuiooH, 

Iti  one  section  (fig.  i\),  taken  at  the  right  period,  a  crypt 
will  be  found  to  contain  vesicles  not  yet  split,  others  in  the 
act  of  splitting  (Ogs.  36,  ^T,  Srn),  and  the  spemiatoxoa 
arrsngtid  more  or  less  radially  with  reference  to  a  blajtto- 
phoral  cell,  and  others  again  which  are  in  tlie  act  of  being 
applied  to  the  testicular  wall.  In  this  pron-ss  of  sinking 
back  on  the  parieles  of  the  crypt  it  seems  that  the  intersti- 
tial celts  play  an  important  part,  from  their  being  connected 
wilb  the  tibrc-H  funning  the  wall  as  guide*  to  dciermiue  the 
application  of  the  bundle  to  the  wall. 

MecapUtilation. — The  history  of  spermntoge nests  in  the 
frog  is  then  as  follows: — Starling  with  one  of  the  sp«r- 
matottpurea  which  line  the  teaticular  crypts  aud  form  the 
testis  epithelium,  we  find  that  after  spawning  is  over  it  com- 
mences to  grow  in  preparation  for  the  next  year's  stock  by 
division  of  its  nucleus.  This  process  continue*  until  there 
is  fanned  a  hollow  Uxly,  spht^rtcul  when  freed  from  the 
prflMure  of  neighbouring  polyplaats,  which  is  the  spi-rm 
polyplnKt.  The  exact  mode  of  tho  formation  of  this  hollow 
sphere  I  am  not  able  to  sUte.  Hach  of  the  speriualoblasts 
of  this  polyptatt  becomes  a  S|>erniatozoon,  the  tail  is  formed 
from  the  |ilasma  by  elongation  towards  the  centre  of  tiie 
sphere  and  the  head  in  a  similar  or  perhaps  more  compli- 
cated fashioo.  In  forming  this  body  all  the  iiuck-i  are  nnt 
couc(.-m«d  ;  certain  of  them  are  left  behind,  su|>crficial  lo  the 
mt,  and  by  projHT  means  can  be  brought  ili^'liiictly  into 
view.  About  tbe  end  of  the  summer  the  Bj>ermaiuhlHU, 
which  arc  rery  little  difft^reut  fmrn  tnntute  spermaluxda, 
arrange  themselves  in  bundles  round  one  of  these  more 
■uptrficial  nuchji,  and  become  with  them  applied  to  the  wall 
of  the  testicular  crypt,  forming  a  series  of  bundles  arranged 
radially  round  the  wall  of  the  crypt,  with  their  uili 
projecting  into  the  lumen,  suppoiied  by  their  bmuts  oa  tlut 
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eupeificial  cells,  which  hare  now  becomti  bhutophoral  cor- 
piiM;lc«. 

When  tb«  time  comes  for  their  being  sheA  the  bundles 
kre  thrown  off  and  br«sk  up,  leaving  the  bla«tophoi«l  c«lU 
behind,  which  nftcTwtiTd*  utrophy  by  il«gvn«stioi)  and 
breakini^  up  of  the  nucleus,  and  are  ihrown  away. 

Oeneral  CoBilderatiiMiB  aod  previona  Lit«ratare  relatiTe  to 
SpemutogmMis. — The  point  on  which  1  wish  to  lay  stress  in 
the  prcnatLs  observations  is  the  existence  of  «  blnttophoral 
cell,  which,  from  the  cases  I  have  taken  by  chance  for  bluily, 
and  the  Agures  in  the  papers  of  othi-r  writers,  seems  to  be  of 
very  general  distribution,  llie  question  naturally  arises, 
\Yhtil  is  its  morphological  significance ! 

When  I  found  the  body  in  the  earth-worm  Professor 
Lankeater  told  mo  of  a  suggestion  which  had  biM;n  made  to 
him  by  Professor  Van  Beueden,  of  Li^ge,  viz.  that  it  ■ 
corresponded  to  the  ovum  whilst  the  Mpcrmatoblasts  corre- 
spond to  the  polar  voicles  or  directive  corpuscles  which 
are  thrown  off  from  the  orum  prefious  to  fertilixation. 
These  bo«lies,  of  very  general  occurrence,  are  hard  to  explain. 
Balfour  (this  Journal,  vol.  xviii,  p.  123}  says,  "  I  would  sug- 
gest that  in  the  fonuuiioD  of  these  polar  cells,  part  of  the 
con^titueniH  of  the  germinal  vesicle  which  are  requisite  for 
its  functions  as  n  complete  and  independent  nucleus,  ate 
removed  to  make  room  for  the  supply  of  the  necvsHnry  parts 
to  it  again  by  the  spermatic  nucleus,"  and  it  may  W  that  as 
the  polar  oells  represent  the  elimination  of  a  male  element 
from  a  cell  whose  future  destiny  is  female,  so  the  formation 
of  the  blastoplioral  cell  represents  the  same  ridding  of  the 
female  element  from  a  cell  whose  destiny  is  male. 

After  the  publication  of  a  paper  "On  the  Development  of 
the  Spentiatuzoaof  Lumbricus'  (this  Journal,  April,  1880), 
I  received  a  paper  from  Mr.  ftlinoi,  piitilished  in  the  '  Ameri- 
can Naturalist  '  for  February,  1880,  in  which,  from  theo- 
retical oon.1t derations,  he  arrived  ai  the  conclusion  that  some 
such  structure  as  the  body  alluded  to  above  must  be  found 
in  the  development  of  the  spermatozoa,  aud  records  Semjwr's 
"  Observations  on  the  Development  of  Spermaluxoa  in  Elas- 
moWainehs"  in  support  of  his  view,  in  which  Semfxir  de- 
•cribes  a  part  of  llie  original  cell  which  is  left  behind  as 
"  Multeikern,"  ihbugb  it  is  erideuily  the  same  as  our  blasto* 
phoral  Cell. 

The  considerations  offered    above  are,   of  course,   pure, 
speculations,  and  it  is  quite  poksible  that  tliese  blastophoral  1 
cells  have  no  morphological  significance,  but  function  asj 
bodies  fur  the  supi>ort  and  nutrition  of  the  young  sperma- 
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lozon,  anil,  having  performed  thii  diiljr,  uoi]«rgo  dc^oera 
tion  and  diMppear. 

Wg  have  wen  that,  in  Rnnn,  from  one  original  cell  mor 
than  ono  blaxtophonil  cell  >a  ditvHopn),  iind  this  E«fms  to 
Miallfled  by  what  lakes  place  in  In&ecU,  as  fig.  S-0,  Plats 
aXIV,  from  Dyliscus,  «ad  fign.  26  and  'Zl  from  Fieris,  will 
frhow.     The  exact  origin  of  these  cells  in  Insects  I  hav«  not 
delvrniined,  but  at  the  first  glance  they  seem  cumparablc  to, 
a  large  fxt«>nt  to  the  "  cupcrncial  nuclei"  of  Baiia. 

The  literature  on  the  development  of  ihc  epBrmatozoa 
v«Ty  copious,  moie  particularly  that  which  treats  of  the 
development  in  Mammals,  as  mny  be  seen  by  referenue  to 
the  pap<'rs  uf  von  la  Valett«  St.  George  in  the  '  Archir  fur 
Mikr.  Aiiatoniie.' 

I  do  not  propose  to  consider  every  individual  publication, 
but  to  mention  thoM  who  have  put  forvrnrd  plaus  of  sperma- 
togcncMS  capable  of  application  to  the  whole,  or  at  any  rate 
large,  divisions  of  the  animal  kingdom;  but  before  doing 
this  I  may  briefly  ataie  what  my  own  views  on  the  aub- 
I  ject  ar«, 

A  cell  whooe  future  destiny  is  male  (Dpermato^pore)  com- 
mences to  undergo  changes  which  fit  it  for  its  new  function, 
and  by  a  process  of  multiplication  gives  rise  to  many  fertt- 
'  lieing  eleinents.     The  firitt  »tepis  are  division  and  multipli- 
cation of  the  nucleus,  and  a  corresponding  oonstrictiun  of  the 
surrounding  plasma,  (ill  a  multicellular  mulberry-like  mau 
(sperm -poly pi nst}  is  produced,  which  may  bv  solid  or  hollow, 
ronrisiiiig  of  young  spennatoxoa  or  spermatoblasts.     During 
this  process  some  portion  or   portions  of  the   original  cell 
.  ceaae   to  undergo   further  change    and   remain    behind  to 
'support   and  nourish  the    developing  spermatOMU  (blasto- 
phoral  cell). 

The  nucleus  of  the  spermatoblast  forms  the  bead  of  tbo 
spermatozoon,  and  the  tail  is  formed  by  the  centripetal  or 
centrifugal  elongation  of  (he  plasma.  When  fully  formed 
the  spermatozoa  are  supported  on  the  blaslophoral  cells  till 
Tcquired  and  ihon  shed  off,  leaving  their  supports  tn  atrophy 
and  decay. 

How  far  this  view  holds  good  for  the  Mammalia  1  am  out 
able  to  say  precisely,  but  the  abundance  of  figures  confirm- 
ing the  auove  account   in   papers  treating  on  this  subject^ 
justifies  the  idea  (compare  the  account  below  of  Meycr'a 
[paper)  that  apermatogenests  trill  be  found  to  be  MSCtituiltyJ 
the  saioe  in  tlml  cKm. 

Many  of  the  figutev   show   the   blaitophoral  cell  uudf 
various  tiames,  and  represent  stages  which  leem   In  most 
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respocts  (Tompnmble  to  those  found  ia  the  sperniatoseaesU 
ofHrlis. 

KullJkcT  C^eil.  Tilr  Wisaen.  /ool.,'  HA.  vii,  p.  £01)  seem* 
lo  have  bwn  the  first  to  give  a  plan  of  spermatogenesis. 
He  givrs  figtirv)  of  dcvvloptncntnl  smk^s  from  the  bull, 
pigeon,  fro){,  and  carp ;  at  the  samo  lime  noting  that  the 
account  liotiis  fjooit  for  all  auimals. 

Hg  bclierril  thitc  tliu  ^pcrniBtozoA  were  dorelopeil  by  a 
direct  Rit^tainorphosis  of  the  nuclei  of  the  celli  of  the  tentU. 
This  change  takes  place  iu  what  he  calls  "  Bliischen,"  which 
are  prob«b)r  nothing  more,  as  Meirer  suggests,  than  poly- 
pUsit  naodiBeil  by  the  fluid  (Miiller's)  with  which  he 
treated  then.  He  conceived  thai  the  tail  as  welt  as  the 
body  originated  Irom  the  nucleus. 

He  wry  shortly  describe*  llic  process  in  the  fro^,  but  with 
the  exception  of  the  figures,  which  show  well  the  bundles  of 
Bpermaluitoa  united  by  the  blastophoral  cells,  there  is  tittle 
Hgrecinimt  between  my  account  and  his. 

V.  la  Vulette  St.  (ieorjji;  Imit,  in  hia  fifth  communication, 
"On  the  Development  of  the  Spermatoxoa,"  to  Max  Schultac's 
'Aichiv/  Ud.  XV,  p.  aai,  given  an  account  of  Bperina- 
tO|!en«sia  in  general. 

The  paper  comnteimis  with  an  exhaustive  r^tumr  of 
previous  ooaervations  and  papers  published  in  connection 
with  the  subject,  and  then  gives  an  account  of  the  process 
as  he  ha«  observed  it  in  nmny  Mimminlia — hull,  ram,  stallion, 
rabbit,  &c.,  ami  ends  with  a  aunimary  which  embodies  hi* 
ideas  of  Bpermatogenesis  based  on  his  fonnei  najwrs.  He 
recognises  in  the  testis  tubule  two  kinds  of  cells.  Of  the 
firat,  he  says,  "  Peculiarly  like  younx  ovarian  cells  they  are 
deslined  to  multiply  as  Ufsanieuzelleu  or  Spermatogonia ; 
in  a  eimilnr  manner  by  division  and  by  transformation  of  (heir 
descendants  (the  Spcrmaiocyiesj  they  are  destined  to  give 
rise  to  the  aiMtrmatoaomes  (Sjmenkoiperchen).  They  pro- 
duce a  mwi  of  cells  which  either  by  an  arrangement  of  the 
prriphcial  cells  develop  a  sprcinl  cover— Keimku gel n,  Sa- 
meukuijelo,  S|>eiinatocysleu  (Insects  and  Amphibia),  or 
remains  coveiless — Sainenknospcn,  Samensprossen,  Sp«rma< 
togemmie,  whilst  the  protoplasm  which  belongs  to  each  coll 
is  more  or  less  segments!.  In  many  cases  one  of  the  cells 
resulting  from  the  division  or  ita  nucleus  is  preserved  at  the 
_foot  of  ibe  Spcrmatogemmie." 

"The  second  kind  of  cell  which  I  call  follicle  cells  are 
aund  together  into  a  tissue  wliich,  while  it  embeds  the 
Ipcrroatogonia,  also  covers  and  prote«u  the  Sporatom- 
emtntc  in  tlieir  maltipUcation  by  divisiou." 
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From  (hi*  it  will  be  se«n  that  he  ieco(;nUea  the  cell  whirh 
iit  foimed  at  ihe  base  of  the  Spenn»i'>gemTii!B  ns  bein^  part 
of  the  on>;innl  cell  which  hnit  Wrti  left  behind  in  the  gronih 
«nd  multipliciitiou  of  (he  others,  but  he  doea  not  appear  to 
n-cojti'isc  the  siroilaiiij  between  this  eeU  snd  those  which 
are  found  in  the  Spermatogemnuc  or  Samenkugeln  of  the 
frog  which  U  funned  in  the  same  way,  and  biu  n  tiiniUT 
funetion. 

In  Semper's  "  Monof^raph  on  the  Droft^niul  System  in 
E]a»moliriiiicb>"  ('Semper'*  Afheiteo,'  HO.  ii),  h«  give*  an 
account  of  the  development  of  the  Hpermatoxoa.  Tbe  section 
of  a  mature  ampulla,  with  its  bundle*  of  Bpermatoma,  U 
very  like  that  of  the  frog ;  each  bundle  U  connecud  with  a 
nucleated  mass  which  regts  on  tbe  wall  of  the  ampulla,  and 
which  he  calls,  from  its  protective  function^  "  DerkieUe," 
thouab  he  recof^niHes  it  aa  being  the  remains  of  tiir  Mut* 
tenelle.  lie  traces  ihe  fate  of  these  bodie*  after  the  sperms- 
toioa  are  shed,  and  finds  that  they  undergo  fntty  deKenera- 
tion,  the  nuclei  fall  togethttr  and  are  only  held  together  by 
a  granular  detritus,  while  the  ampulla  itself  collapse*.  This 
be  comparer  to  the  formation  of  the  corpus  luteum  in  the 
ovary.  In  Elasmobranchs  there  it  a  continuous  development 
of  spermatoioa  in  tbe  testis  from  within  out,  so  that  we  get 
degenerated  ampullie,  full  ampulle,  ampuIUe  with  sperma- 
tozoa developing,  and  ihc  formation  of  ampullce  in  the  aane 
lovti*,  nut  GOBiiug  ait  in  Kana  in  successive  crop*  from  the 
same  amnuUa.  The  spermatozoa  do  not  develop  as  in  Bana 
from  vesicles  (hollow  polyplasts),  but  on  a  plan  more  like 
that  of  the  unail.  He  oalls  the  young  immature  epenna- 
tozoa  spermatoblasts,  and  saja  that  he  was  unable  to  make 
out  the  origin  of  the  tail. 

Klvin,  in  hiit  'Atlo*  of  Histology,'  give*  an  account  of 
speru)atogeae»ia  based  on  researches  on  man,  rabbit,  mouse, 
&c.  In  the  contents  of  the  seminal  tubules  he  reooguise* 
two  kinds  of  cells,  ihe  inner  and  outer  seminal  cells.  The 
Utter  preMut  tno  kind*  according  to  the  xtate  of  (he 
nucleus;  in  one  kind  llie  nucleus  is  finely  granular,  in  (he 
other  it  is  devoid  of  a  limiting  mciubnuie,  and  has  rods  or 
SbuiHtita  iwifiled  in  many  diruGtiims  in  its  interior. 
Nearer  the  lumen  of  the  tubule  are  the  inner  seminal 
oellr,  which  are  seldom  limited  to  one  or  two  layers.  They 
do  not  directly  touch  each  other,  but  are  jnincd  by  an 
interstitial  subelaiiee.  Tbe«e  cells  are  polyhedral  from 
mutual  compression,  and  their  nuclei  are  similar  to  (I 
Mcood  type  of  the  outer  s«mtnal  cells,  thai  is,  thoy  cnul 
rods  or  filaments  variotisly  urangod.     Their  nuclc-ar  to 
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*«ry  in  abane  and  anrangemflnt,  which  he  considere  iniJica- 
tive  of  division  nnd  multiplier  lion.  NVhrt  Rtill  to  th*t 
lumim  of  ihc  ttiW  itii^  cells  aro  lo^mOy  cotiii<-ct«d,  and  thef 
maybe  s^eii  dividing  each  into  two  dati^hter  nuclei.  These 
small  cells,  the  daughter  rcIU,  UQdcr«;o  chiiDges  leading  to 
the  formation  of  the  NjH-rniiUozoa,  and  for  the»«  he  usn 
S«rtoli'>  term  HpermatobUais.  The  firitt  change  is  seen  in 
the  uucIeiiB,  nhich  become*  finely  granular  and  assumes  a 
membrane.  This  kind  of  iiuctcuv  he  culls  the  resting 
nucleus.  At  the  sainu  time  it  moves  to  one  pule  of  the 
celt)  which  is  itself  elongated,  and  contilitutes  a  "granular 
tnaas,"  M-pntated  from  the  nucleus  by  a  "  clear  bag."  When 
the  young  spermatozoa  arc  in  this  stntc  they  assume  «  deli- 
iiiti-  arrangement,  and  become  pUcexl  in  fan'ihaped  groups 
along  the  tubule,  wi(h  the  handle  of  the  fan  Runk  among 
the  seminal  cells ;  their  further  progress  consists  in  elonga- 
tion. Ife  then  goes  on  to  mention  the  views  of  Kbnvr  and 
Neumann,  who  ronttiiler  that  the  groups  of  spermatozoa  are 
fonned  in  a  single  cell  which  consists  of  a  base,  which  has 
(Ebner)  or  has  not  (Neumann)  a  nucleus  next  the  membrana 
propria,  a  peduncle,  and  a  broad  mass  at  the  end  of  the 
peduncle  in  which  the  sperniatoioa  nre  produced. 

He  regards  the  bead,  aa  well  aa  the  "  middle  piece,"  as 
formed  from  the  nucleus. 

In  Rotleit'a  '  Untersuchungen  nus  dem  Institut  fVir  Phya. 
und  Hist.'  for  1871,  there  is  a  piipcr  by  v.  Ehni^r,  in  which 
he  gives  an  account  uf  the  development  of  the  spermatozoa 
in  the  rat  and  mouse,  refeTring  to  other  mammals,  and  n 
series  of  drawings  iltustratiog  ihnt  process  in  tlic  first-named 
animal. 

He  divides  the  processes  into  eight  slages,  which  I  will 
not  enumerate,  hut  try  to  epitomize  hie  account.  The  funda- 
tnenlat  idea  in  which  he  differs  from  other  writer*  i*  in  (ho 
existence  of  n  "  KcimneiB."  in  which  the  apfimaionw  «re 
dc«elo|Kv).  Thi*  consiatts  of  a  welded  mass  of  cells  next  the 
tunica  propria  of  the  tubule  in  which  two  kinds  of  nuclei  are 
discerned,  theone  pale,  nucleolatcd,  with  distinct  outline;  the 
other  granular,  dark,  with  an  indistinct  outline.  On  taking  a 
•npt-Tficiat  vii-w  of  this  layer  it  has  the  appearance  of  a  net- 
work. From  it  processed  project  towards  tlie  lumen  of  the  tu- 
bule which,  when  tiist  formed,  arc  nolhing  but  pUfiina  ;  then 
nueicai  hnrdenin*!*  CDmmence  at  ita  inner  cxtremiiy,  nhich 
soon  unmistakably  assume  the  appearance  of  sperniatozon 
beads,  in  this  ea«e  being  pointed  at  one  end,  which  end  is 
directed  towards  the  periphery.  The  uils  arc  funned  from 
the  plwma.     At  the  haae  uf  this  ptoceM,  which  he  calls  a 
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atid  assume  an  oral   fomi.     Tbv  next  sUge  consists  in  ■ 
tnultiplicalioii  of  this  nucleus,  apparently  bj  ita  bn^akin^  ap 
and  A  rcapiwarsDCe  of  the  pieces  in  two  or  three  places,  pro- 
ducing a  corresponding  number  of  niicloi.     By  n  repetition 
of  this  proc«««  ttie  Spermatogemme  is  produced  (figs.  9 — ii9, 
Taf.  i)-    Thnw  hollies  he  regards  as  fundamentatl}-  a  collec* 
tion  of  tereral  cella,  and  in  support  of  this  view  ndduc(f.<)  the 
bet  that  a  cingle  spermatocyte  may  run  tU  course  to  a 
matura  spermatozoon  without  preaenting  this  form,  never 
poewMing  more  than  one  nucleus.     These  bodies  have  a 
nidial  arrangement  in  the  t<»ticular  tubule  and  an  elongated^fi 
shape  from  the  i>re»5ure  of  the  surrounding  c«lU,  but  thej^H 
are  generallj'  spherical  when  isolated  and  Boating  free  io  ft^ 
liquid. 

The  Inst  stngo  is  the  change  of  the  nucleus  to  form  ibe 
head  and  the  diviuon  of  the  plasma  of  the  S{iermatogemine 
into  tongue-like  processes  which  form  the  tail.  Tho  first 
diaiige  varies  nccording  to  the  animal  examined,  that  is,  to 
the  shape  of  the  sj>ermatoEoon  head.  Lie  regards  the  middle 
m«ce  as  derived  not  from  the  nucleus,  but  from  the  plasma. 
1^«  FMt  of  the  plasma  which  has  taken  no  part  in  the  for^ 
mution  of  the  spcrmatoxoa  remains  Whind  for  a  time  tO'' 
support  them,  but  fmally  undergoes  a  kind  of  fatty  degcne- 
raiion. 

Ue  recognises  the  existence  of  t,  Ebner'a  upermatoblasu 
under  the  name  of  "  Samenahrt- ii,"  and  says  that  "  intcnne- 
diate  forms  may  be  seen  from  the  spermatocyte  to  the  mature 
<  Samenahren'  connected  with  the  Ursamentellc,  to  which 
they  owe  their  origin,  by  a  process  of  plasma  (figs.  35,  36, 
38,  40)." 

He  dissgrce*  with  v,  la  Valette  St.  George  in  thinking 
that  the  interstitial  cells  do  not  multiply  at  the  same  time 
M  the  Ui&nmeDzellen.  and  form  layers  round  the  spennato- 
cyles  and  Samensprossen  aa  the  last  named  observer  does. 

From  this  account  it  will  appear  that  his  Samentthren 
arc  the  bases  of  v.  Ebncr's  sprrmntobUsts,  and  correspond 
to  the  cell  which  is  left  at  the  foot  of  the  Spermatogemme 
described  by  v.  la  Valette  St.  George. 

The  foregoing  papers  of  which  1  have  given  an  accoun 
are  f'-w  out  of  many,  but  they  embody  the  rcsuli.-i  of  tli 
which  I  have  not  mentioned,  ami  uking  into  considcrattou 
the  lacu  and  drawings  given  in  them  it  seems  possible  to 
reconcile  to  a  large  extent  the  dificrent  accounts  of  spi-nna- 
togetieais  in  mammals  in  the  following  abort  re'sum/, 
omitting  as  far  as  possible  the  particular  terina  usrd  by  each 
author.     Tbe  wall  of  thu  testis  is  lined  on  the  iu&idv  with 
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testicular  cpiihelium,  in  which  the  (rii«  testis  cells  ar«  sup- 
poiteil  by  interstitial  cells.  One  of  these  t«stts  cella  divides 
tnni^ntiatlf ,  giving  ns«  to  two  cells  which  arv  lii-ld  to^jcther 
by  ii  common  plaiima;  the  celt  next  the  lumen  of  the  tube 
jcrows  and  the  nucleus  niullipliefl,  giving  rise  to  several  (8— 
Id,  accordinpr  to  r.  Eboer)  nuclei  ombeddtrJ  in  n  plasmn; 
or,  acconliiig  to  Meyer,  the  cwll  and  itst  nucleus  may  pro- 
cttn!  to  form  a  single  snermatoKoon  n-ithoiic  multiplication. 
These  nuclei  form  the  heads  of  the  spermatozoa,  and  the 
plasma  the  tails.  Wht-n  ncarlj  rnvturu  the  young  spcnna- 
toxoa  are  supported  on  the  plasma,  but  when  thoy  are  ripe 
thej  are  cast  off  tVom  it  and  enter  the  lumen  of  the  tube. 
After  the  spermatozoa  have  left  it  this  body  itself  is  thrown 
off  with  iu  nucleus,  which  has  remained  at  its  base,  and 
uiidi;rgoe.'>  fatty  defeneration,  being  fouud  in  the  lumen  of 
the  tube  in  this  state. 

Pot  GonvvnivDcc  I  append  a  list  of  synonyms  which  are 
naed  by  various  authors  in  describing  the  procen  of  sper- 
matogenesis. 

1,  SpcnaklMporc  ^  SpenMlogoni)  (St.  Oeotge,  Utjcf). 

hi.  bpcmslo«jl«,  inlenntiJiale  farm  <St.  Geor^}. 

i.  S|>«ra-poljUHt  =  Bllbclieii  iKOtlikcr},  consiitin^  of  the  foUoviag : 

3.  SpennalMlsria  =  SpamatohUut*  of  Semper,  Klein,  Sertoli,  or  SsWn- 

sprcsM*  or  SpcrawtoBcmmc  (St.  George,  Mcjcr). 

4.  AUture  tpennaloEoa,  nnited  into  buadlm  bt  bUsloplioral  cells  (spuruis- 

loUuis,  V.  SitauT).    Someiiitiren  (M^er), 

5.  SeennUutofib'it  =  DcckMllrn  of  Semper. 

0.  Iniicniu  (^ithcUum  =  Ura«rnenxRl!«n  (ijt.  George). 
7.  latcntitis]  cell*  =  Folltkcixeliea  iHt.  George,  Mejet). 
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0«  Ue  Earlt  DBVBi/>PMiarr  ^  tit  Aktkkior  Pakt  of  tit 
WoLFFiiri  Ducr  and  ItoDi  t«  /4f  Chick,  togetAtr  teiii 
tomt  KsHAEKg  Off  (it  KxcKrroKy  Sistkm  ^  ^  Vbrte- 
BRATA.  JJv  AttAM  Sedgwick,  M.A..,  Fellow  of  IVinitr 
CoUcge,  Cainliridge.     With  Plate  XXVI. 


Trr  folloiring  paper  in  dividftl  into  tvo  parts.  The  Snt  pa 
contaiQB  Ml  account  of  objervationa  on  the  devKlopmriit  of  the 
Wolffiao  duet  and  anttnot  Wolffian  tubules  in  the  ctiicic,  being 
■upplementary  to  my  paper  on  the  "Kidney  of  the  Chidt.'^ 
Toe  Mcoiid  |>art  ih  devoted  to  a  di»cu»iou  of  tbe  vertebrate 
excretorj  system  in  general. 
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I.  Earty  Dvc^^mtnt  of  tit  Wolffian  Duet  and  JmUrior 
Wolffian  T^uUt  ia  fig  Ciici. 
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Tbe  fint  trace  of  the  WolfBan  duct  is  visible  in  an  rmbrro 
with  eight  protflveitcbro;  aa  a  slight  projection  from  tbe  inter- 
mediate  cell  mass  towards  the  epinla^t  in  the  region  of  Die  7lb 
and  Stb  pro  to  vertebra:.  Tlie  projection  also  extends  back. 
behind  the  region  of  the  protovertebne  for  a  fhori  distance. 
In  a  chick:  vilb  nine  or  ten  protOTertcbRv  a  similar  condition 
is  found,  i^.  a  projection  from  tbe  intermediate  cell  man 
towards  the  epiblast  in  the  region  of  tlic  7th,  8tb,  0th,  and  10th 
protovcrtebnr,  and  for  a  short  dtstanoe  behind  the  region  oT 
the  protoTcrtebnc. 

Ill  a  chick  witli  ten  prolorertebne  the  projection  is  banning 
to  show  signs  of  separation  from  the  intermediate  cell  man  at 
certain  pointa.  The  appearance  presented  by  the  rudiment  nf 
tbe  Wolffian  duct  in  the  lOtb  segment  of  a  diick  with  Icn  bc^ 
nents  is  rhown  i»  lig.  1. 

In  a  chick  with  eleven  protovertebr^  tlie  rodiment  of  th 
WolfBan  duct  ia  still  pment  as  a  projection  from  the  int 
mediate  cell  mass  in  Uie  region  of  the  7lh,  Sth,  9lh,  lOth,  adj 
1  Uh  protovniebne ;  bnt  behind  the  region  of  the  prutove 
it  has  KTOvo  bock  for  a  short  distance  between  the  epiblut  and 
mettb^  as  an  iircgulsr  cord  of  cells  not  connected  to  tbe 
peritoneal  epithelium.  A  partial  teparation  of  the  WullBaa 
dnct  from  tlie  intermediate  oe-ll  mass  is  now  elTerted  in  tbe 
region  of  the  7lh  to  the  10th  protovcrtrhne.  'Hiia  •eparalioo 
is  not, howcfcr, complete;  bat  fie  IfoiffiauthetremMmteomntH^ 

'  "Developneat  of  (be  KidncT  m  ils  Telatim  to  Uia  Wolfiau  Dorii  i 
tke  Clikk,"  'Qurt.  J<wm.  Uie.  Sci^'  lol.  tx. 
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to  the  fieriimieai  ijtilielivm  at  certain  iuttrvoU  hy  t/iffrl  eord* 
o/celU. 

In  a  chkk  with  twelve  protovFrtebrtc  the  sepnralion  of  tlie 
olftinn  duct  from  tlic  ill  termed  late  cell  mnf»  in  Uic  region  of  ttie 
li  III  \\\K  I  Itli  [irotovrrtdtrK  incluxire  i*  as  Romp1et«  »  it  rver 
ill  be,  i.e.  it  hats  squratcd  for  the  greater  part  of  its  leaglh,  but 
res  attached  to  the  peritoneal  cpithrlium  at  certain  points, 
bj"  cor<la  of  cclU  (fig.  2]  derived  from  the  cells  of  the  intcr- 
iDniUle  oeil  auM  cunnwliDg  the  rudiment  »f  the  Wolfltan  duct 
with  tiie  peritoneal  q)itb«liain.  These  cords  of  cells  are  tli« 
eoounenciiig  Wolffian  tubuira  of  the  anterior  part  of  the  \Vo!flian 
body,  and  are  mon:  namerou*  thnii  the  segments  iu  which  they 
are  placed,  llchind  the  region  of  the  urutovertt^bnc  ia  a  chick 
of  ibis  age  (twelve  protoverlebr^;),  the  WolfBui  dact  has  grown 
back  as  an  irregular  cord  of  cells  (fig.  6),  indepeodent  of  the 
inlcmiediale  ceU  mass,  for  a  short  distance,  thus  repcaliDg  the 
feature  of  the  last  and  succeeding  stages  in  thi»  particular.  In 
the  region  of  the  bat  (12th)  prolOTerteWa,  however,  tlie  curd  of 
cells  oonstituting  the  Wolffian  duct  at  this  stage  is  now  eon- 
tinuoos  with  the  intcnnediatc  cell  mass  at  certain  intervals. 
Comparing  the  acctionti  through  the  li^th  segment  of  this  stage 
with  those  just  behind  the  11th  prolovertewa  of  the  previous 
stage,  it  is  seen  that  the  WulfUan  duct  ha.i  enlarged,  anil  bj  a 
downgrowth  of  cells  from  it,  with  which  probably  is  connected 
an  upgrowth  from  the  intermedinlc  c«ll  mass,  has  become  in 
certain  plsccx  connected  with  the  iiitrnneiliatc  celt  mass.  These 
•eeondarv  cuimcctioiis  constitute  the  commencing  tubules  of  this 
part  of  the  Wolffian  body. 

In  a  chick  with  thirteen  protoverttbrffl  an  advance  precisely 
lilar  to  that  characterising  the  previous  stage  has  taken  place, 
the   Wiiiffian  duct  has  b«coiite  connected  with  tlie  inter- 
ediatc  cell  masn  in   the  1.1th  segment  (lig.  1),  and  behind 
this  point  is  free  from  »djacent  structures. 

In  a  chick  with  fourteen  or  fifteen  protoverlebrff  the  process 
of  development  remains  the  same.  8o  that  in  a  chick  with 
rifle«n  M^nunls  tbc  fallowing  b  the  condition  of  the  Wolffian 
duct : — Lt  extends  from  the  7tfa  to  the  ISth  segment  as  a  mlid 
cord  of  celis,  connected  at  intervals  with  the  peritoneal  epilhe- 
Unm  by  the  commencing  Wolfiian  tubulen;  behind  the  ISth 
segment  it  extend*  for  a  nhort  distance  bh  a  free  cord.  The  further 
devrlopmeiit  dilTers  from  that  juHt  recorded  in  this  im[wrtanl 
particular ;  tlie  duct  does  not  become  connected  with  the  inter- 
mediate cell  mass  of  the  newl; -formed  last  segiuciit,  but  remains 
•cparalc  for  a  coniiidcrabk  iiitciral  of  time  (till  towards  the  end 
of  llie  third  day)  from  iU     In  otlier  words,  the  formation  of 
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the  WoUGan  tubuln  ud  their  conneclion  vitU  ibc  Wotffian 
duct  M  dcfernKl  behind  the  15th  segmeuL 

To  sum  up  the  developmental  cbaoga  above  recorded,  the 
Wolffiui  duct  arises  aa  a  continuous  ndgc  of  cells  [iroiecting 
from  tbc  intenncdiaU-  cell  mam  towards  ihc  cpibla»t  la  tha 
tegion  of  tlic  7th  to  lUb  protorertcbne  inclusive.  Thia  ridffe 
acparalM  fruin  the  inteTmcaiate  cell  mass  from  bcfure  l»tck«aril«, 
rctnaiui UK,  however,  conaeoted  with  it  at  ioicivals  b;  the  rudt- 
nentary  Wolffian  tubules.  Meanwhile,  from  tbc  hind  end  of  it 
there  grows  back  a  oord  of  celU  iiidepeudenl  at  first  of  ilia 
My>fi6nt  structures,  but  immcdiatelj  on  the  formation  of  llie 
hinder  aegmenta  becoming  conitcctcd  with  the  intermediata 
oetl  maaa  of  eacb  segment  in  torn.  This  happens  as  fir  back 
at  the  IQth  scgmeut;  behind  thia  point  it  ^rowx  bark  as  a 
■olid  coid,  whtcD  doea  not  become  oonnected  with  the  tnlcr- 
meiliate  cell  mass  until  the  tubules  of  tlic  Wolffian  bodjr  have 
made  considerable  adrance  io  their  developmcDt. 

Figs.  1 — 7  arc  meant  to  illustrate  the  above  method  of  develop- 
ment. Figf.  1 — 5  are  from  the  lUtfa  Bcgment  of  ohicls,  vtlh 
t«ii,  twelve,  thirteen,  and  fourteen  protovcrtcbnc  reepectivelj. 
Thtj  are  all  taken  through  p<>ints  whtre  the  WulfUun  duct  remaiuft 
attached  to  tbc  pcritoneu  enitlidiuin,  i.e.  Ibrough  a  radimentar; 
tubule,  eiMptiiig  fig.  4,  which  ia  from  a  section  close  to  fig.  S, 
and  shows  the  condition  of  things  in  one  of  the  intervals  bctwi 
the  points  of  continuity. 

Fig.  &  is  taken  from  a  leclioD  just  behind  the  last  aegmeni 
a  cbick  with  twelve  segments,  and  shows  the  compktc 
pciidence  of  ttie  Wolifian  duct. 

Fig.  7  ia  ftom  the  l^th  si^ment  of  a  chick  with  thirteen  seg- 
ments, i.e.  (rom  tlie  same  region  a*  (ig.  ti,  nnd  it  shows  the  con- 
nection which  has  become  established  between  iho  Wolffian 
duct  and  the  intermediate  cell  mass  bjra  mutual  growth  of  IfacM 
stnidares. 

Fig.  a  is  &om  lh«  Itllh  segment  of  a  chick  with  twcnlj-twu 
protovertebne,  and  u  illustrativd  of  the  fact  derived  from  an 
inspection  of  all  the  sections  of  tbc  segment,  that  the  Wolffian 
duet  is  independent  of  the  peritonral  enitbelium.  Froia  tho 
l&th  segment  the  Wolffian  Juct  grows  back  independently 
the  cloaca,  inlu  which  it  evrntiui]l|  o|i«ns,  and  a  lumen  ap 
in  it  from  before  backwards. 

In  hg.  1 1,  taken  from  a  chick  at  the  end  of  (Ite  third  daj,  _ 
U  still  distinct  from  (he  now  oonAlderafalj  dcTcloped  WuUuiui 
tuboJcCic./.)- 

Fur  I'lirpiiscs  of  description  1  sbtll  di> 
into  (I tree  region! — (l)Thc  |>art  fount)  >i  _l  thig 

7(b — Uth  scgmeuts  iuclurive;  {&)  tbc  port  found  within  ll 
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IStb — ISUi  segmsnte  incIasiTe;  (3)  that  found  bcJttud  the  15th 
segment. 

Ill  ft  previoas  ]Miper'  I  bav«  described  at  some  kogtli  the 
nulj  di»-ctopmeDt  of  the  Wutffian  body  behind  the  ItllhEo^mcnt, 
and  I  have  there  shoan  that  that  jiart  nta^  be  dirided  into  two 
parts,  each  cbaracteriscd  by  a  peculiarity  in  the  early  develop- 
tnent.  In  this  pnpcr  I  ahall  m»ku  but  little  rurcrcucc  to  the 
develmimcnt  of  the  WolfiUn  body  in  tliis  ri-gion,  confiuini; 
mjHlf  almost  entirely  to  that  pait  lying  vithiii  the  area  of  the 
7ta  to  the  iutb  wginents  incliuivo. 


J)ecet<ipmmi  of  ITotgiaif  l^iwUt  i«  reffioK  ofllA—lltA 

The  Wulffiflu  tubules  and  Wolffian  duct  in  this  region  nlt«ni 
but  a  alight  development.  They  may  almost  bo  Bain  to  have 
leaclied  their  highrat  (witit  ut  th«  rlnge  with  fourteen  proto- 
vert^rw,  the  only  difTeieDce  in  later  atageti  txring  the  develop. 
DMDt  oi  a  lumen  iu  tbem.  The  tnmen  in  the  tubul«  may 
acquire  au  o|)«uiiig  into  the  Wolffian  duct  in  sonw  case*.  In 
llii»  ciuc  the  string  of  cvlU  seen  in  fig.  5  becomes  very  short, 
•ud  the  WolSiiin  duct  ap|>enr>  as  a  narrow  groove  in  the  peri- 
t<mea]  epithelium.  This  state  of  things  is  usually  fiKuid  in 
chicks  wilh  from  nineteen  to  tbirly-lwo  |»otoveftebr». 

Hiv  Wolffian  duct  in  this  region  exhibits  great  variations  in 
calibre,  and  in  later  atugMi  purta  of  it  «p])e>r  to  olrophr,  and 
isolated  portions  are  found  connected  wilh  rudimentary  tubules. 
An  enlarged  section  of  the  Wolftian  duct  in  front  is  neurly 
always  found  as  Oatscr*  has  de»cribed.  The  duct  and  tubules 
in  Ihi*  region  apjwar  entirely  to  atrophy  in  cfaidis  with  more  than 
thirtv.five  protovertebrw. 

I  Dave  not  thought  it  worth  white  to  preserve  figares  of  the 
duct  and  tubule«i  in  this  rt^ion  of  the  Vi  ollllan  body  after  their 
first  ap|WArajioe,  m  the  arrangement  jast  described  may  be  easily 
obierved  in  sections  of  an  embryo  chick  of  the  third  day. 

The  intcrcat  in  the  development  of  this  region  ties  in  the  fiwit 
of  tbc  amt'iHaitg  of  duTttopmeut  of  the  Wolffian  tubules  and 
Wolfliaa  duct.  It  has  always  appeared  to  me  astonishing  that 
the  Wolfllnn  duct  developed  ana  continuous  ridge  from  the  inlcr- 
[oediate  cell  niass,  which,  from  our  kiiuwh-dgo  of  Klasmobnnch 
dnve^>ment,  may  be  called  the  peritoneal  epilhctium,  should 
entirely  sepamlc  from  it  and  Ihcn  secondarily  beoome  connected 
with  it  by  tJie  tubules  cif  tJie  Wollfiunlwdy.  My  investigntions, 
which  have  been  made  with  aonie  cnre  on  a  large  nunilier  of 
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cbicki  of  all  af^  froiti  nine  to  tliirif  prntoTcrtcbne,  have 
cnlircljr  convinciid  iii«  ttiat  tlie  nsual  •UtnnuiU  on  tbi«  [wiDl  arc 
not  trae,  and  sliow  to  inj  miod  moat  conclusively  that  Umi  dod 
and  tubules  of  the  WolSiaii  body  in  the  rrcion  in  Question  do 
dcTi'lop  in  coutintiity,  prfciscljr  as  do  the  duct  sntl  perilODCit 
opi-ning«of  the  )i«iu]- kidney  in  mwrt  I«hthyop«idan  types. 

The  number  of  nidimenlary  tubules  in  eaeli  »ej;nieril  of  tliis 
region  I  bavc  not  determined  prcciMly.  The;  occur  as  often 
B»  not  between  Ihx  fegmenta,  ana  tbcrc  seems  to  be  about  two  for 
eo«h  s^ment.  In  the  aemotb  segment  1  Iiave  never  m%d  mon , 
ill  on  one. 

ficforc  proceeding  to  give  an  account  of  the  fnriher  dcvdo| 
meiit  in  the  next  region,  I  vitl  briefly  refer  to  the  points 
wltich  my  »bitervatton«  differ  from  those  of  previous  obMtve 
on  the  development  of  the  Wolffian  duct. 

Qasaer's  account'  of  the  development  of  tbc  Wolffian  duct 
the  most  recent  and  exact.     In  his  vnluiible  |>aper  will  be  fouii 
n  complete  account  of  tlie  literature  of  the  subject,  to  which  I 
need  not  further  refer. 

"The  first  trace  of  it  which  be  finds  is  visible  in  an  embrro 
with  eight  protovertebnc  as  a  slight  proji-ctioii  from  the  ioter- 
mcdiste  cell  mw*  toward*  the  epiblnt>t  in  the  rt'^ton  of  the  three 
binderuuMt  protovertebne.  Iti  the  next  sls^  with  eleven  pro- 
tovettc^K,  the  solid  rudiment  of  the  duct  extends  front  the  5tb 
to  tbc  lltb  protovertebnc;  from  tbc  }Stli  to  the  lllb 
protovertebrs  it  liea  between  tbe  mesobtast  and  epiblaal,  aud  is 
<)uile  distinct  from  both,  and  Dr.  Gas»er  distinctly  states  tliat 
in  its  growth  backwards  from  the  8tb  protovertebrae  the 
Wolflian  duct  never  comes  into  continuity  wilh  tbe  adjaoeat 
layers.  In  Uie  region  of  the  5lb  protoverlebr»,  where  tbc 
duct,  &c.,  was  originally  continuous  with  the  meaoblatt,  it  hu 
now  become  free,  but  is  still  attached  in  the  rcj^oo  of  the  tlth 
to  tbc  8th.  In  an  embryo  with  fourteen  proiovcrtebm  the 
duct  extends  from  the  4th  to  tlie  14tb,  and  is  now  free  between 
epiblart  and  nieaoblast  for  ita  whole  extent." 

The  poiiiu  in  which  the  preceding  accoant  difiors  from  tlul 
of  Dr.  Oaner's  brieily  are : 

1.  The  position  of  the  continuous  ridge  of  the  WoliEaa  duet. 

2.  The  subsequent  complete  isolation  of  the  duct  in  tht 
region  of  the  ridge. 

8.  Tbe  independeooc  of  the  backward  growth  of  llic  doct  i 
tbe  12tb  to  tbe  l&lh  Kgment. 

I  have  never  aecn  any  trace  of  the  Wolffian  duct  in  front  of 
tbe  7th  segment,  and  in  all  the  chicles  I  hare  examined  1  find 
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Uut  tbe  oontiuuous  ri<Ige  cxUdiIii  from  tbe  7Ui  to  the  lltb 
tegmenta. 

With  tvgat^  to  Gawer's  ttatcmcat  of  the  comploU  isotatioa 
of  the  duct  in  the  nnt«ri<ir  rrKJon  from  the  inlcnnrdtBle  cell 
mam,  1  can  only  saj  that  luy  observatioDH  point  to  an  cntirtly 
different  conclusion. 

Thirdly,  I  diffu  with  him  in  his  »tet«mcnt  that  tbe  dact  in 
the  gTowUi  buck  from  tlie  aUnches]  extremity  doea  not  oomo 
into  relalioii  vith  adjacent  structares. 

Aa  slated  above,  it  sectna  to  me  that  for  the  space  of  foor 
KgiQCDts  (he  dmall  cord  of  cells  which  grows  back  from  the  bind 
end  of  tbe  ridge,  does  almost  innneaiately  become  connected 
with  the  iotennediate  cell  mass. 


DenUpmnt  ^  tie  Wo^h  Diut  and  Bods  from  He  1  Zti—l  btJt 

Segment. 

1  now  iMM  to  the  most  intcreating  point  vrhich  bas  tamed 
op  in  my  iorestigations  on  the  excretory  system  of  the  chick. 

lu  a  paper  by  Mr.  Balfour  and  myself  in  the  '  Quart.  Joiirn.  of 
Uicr.  Science/  vol.  lix,  describing  the  development  of  what  we 
believed  to  be  a  rudimentary  head-kidney  in  the  chick,  we  drew 
Btteotion  to  a  stractare  which  so  closely  resembled  the  gloineru> 
las'  of  the  head-kidney  of  the  Ichtbyopsida  that  we  identified  it 
u  an  bomol()f;ous  structure. 

GoRf  r'  Uim  aNo  tndeiienilently  discovered  and  similarly  iden- 
tifird  thin  structure. 

In  the  paper  jasi  referred  to  no  attempt  was  made  to  trace  the 
development  of  lhi«  glomerulus,  but  it  was  merely  described  as 
it  appeared  at  the  time  of  iu  grratrst  development. 

The  following  description  is  taken  from  that  paper : 

"  In  tbe  chick  the  glomerulus  is  paired,  and  consiats  of  a 
vascular  outgrowth  or  ridge  proj«ctiiig  into  tli«  body  cavity  on 
esidi  side  at  (he  root  of  lh<-  meseitt^rv.  It  extend  from  the 
anterior  tind  of  tbe  Wolffian  body  to  the  point  where  the  fore- 
most o|>cmng  of  the  head-kiduej  commences.  We  have  fuuud 
it  at  a  period  slightly  eariii'r  than  that  of  the  Brat  development 
of  the  head-kidney... -lo  the  interior  of  this  body  is  seen  a 
aUoma  with  numerous  vascular  channels  and  blood'Corpusclcs, 
and  a  vascular  connection  is  apparently  becoming  established,  if 
it  »  not  ao  alrauJy,  bctwten  the  .glomerulus  and  the  aorta.  1'he 
aUlk  connecting  titb  glomerulus  with  tbe  attochmeut  of  tbe 

*  I  hate  already  ^tm  a  prelimmsrr  accottat  oT  ihc  derrlopmcnl  of  t^is 
stniclure  in  Ibe  'rroc.  0«inbrKt);e  PbiL  8iiD.,'  Ui;  3,  I8S0. 

■  '  tiiizuncsbetk&te  dec  OtatdlsebaTl  tar  Redtori  d.  irenn.  Natarwiu.,' 
No.  9.  l»71l. 
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tncteiitci;  niui  in  tbidnuM  in  diffemit  aeettonii,  imi  we 
Itut  the  glomenitiia  is  contioiwd  unbroken  UmubDot  the 
oooaidonlMe  nskm  through  which  it  extend*.  This  point  v, 
'bomeva,  diSicnu  to  make  sure  of,  owing  to  the  EmjJu^  with 
which  the  glomemlus  breaks  away.  At  the  aUge  vc  an 
deschbina  no  true  Uxlpiglii^ti  bodies  tuc  prcsrnt  in  the  put  %d 
the  Wolffian  body  on  tlte  nme  level  viiti  the  interior  end  of  the 

Slomenilns,  but  the  Wolffian  body  merely  consists  of  iheWcifin 
uct.  At  the  level  of  the  past«hor  part  of  the  rimneralu  tin 
i>  DO  longer  the  euct  hnt  here  n  rrgulur  trriet  of  primarr  Mai- 
pigliiu  bKKli«a  i*  preaenl,  and  the  ffltkiurrulus  of  the  faend-kidDKy 
nav  freqoeDlly  be  »een  in  the  sann  section  u  a  Ualjtighiu 
body.  In  Doat  atcttons  the  two  bodies  appeu  quite  diaooD- 
nected,  but  in  lliose  aeeliona  in  which  the  gioairnilas  of  the 
Ualpighiaa  body  cotnes  into  view  it  is  seta  to  be  derived  &oin 
Ihe  aame  formauon  aa  the  glomemlns  of  the  bead-kidney." 

The  point  which  ia  kft  in  doubt  iii  the  above  description, 
vis.  m  to  whcthtT  the  glomeruluji  coostitntcs  ■  oontinaous 
atniclure,  ia  at  once  dedd»d  by  a  study  of  iu  devdopinent. 

1  may  here  atate  that  it  is  not  a  contbnons  atmoture,  but 
eonaiataof  a  Mriea  of  cxtoniaj  riomemli,  each  of  which  corre- 
Rponda  and  u  eontiDuoas  wilh  the  glomeruli  of  the  Malpigl 
bo<lti»  found  in  ihia  part  of  the  trunk. 

The  first  deveiopment  of  the  WolfKan  tubniea  in  the  rvgiW 
tuidiv  consideration  faaa  already  b«cn  dcacribed.  They  ap 
as  ontgrowtba  from  the  Wolffian  duct  meeting  outgrowths  ^m 
tlie  itilcnnediate  cell  maaa  immediately  on  the  fonnalion  of  the 
Mgiuvnt  iu  ohicb  they  are  ptaccd ;  so  that  in  a  cliiok  with  fiftwo 
protOTertebnn  the  \\  olflian  duct  is  connected  with  the  inter- 
■trdistc  ceil  mats  by  a  certain  number  of  cell  cords  in  the  12ih, 
13th,  lilh,  and  t&th  segmeiita. 

The  diKt  and  cordx,  which  have  at  first  rather  an  irregular 
outline,  aoon  become  vcU-delincd  compact  slraclores. 

Kig.  I'i,  taken  from  the  lilh  wgment  of  aa  embryo  with 
twenty-two  segments,  representa  the  condition  of  things  at  this 
■ge. 

The  WotSUo  tnbnles  in  this  region  are  derired  from  two 
distinct  atrudnrra — (1)  the  outgrowth  from  the  Wolffian  duct; 
{t)  part  of  tile  intermrdiale  cell  maaa, 

llM  intciroediale  cell  mass  ia  at  first  contiBDon*  with  the 
petituueal  cpitbeliiim  in  every  section  i  but,  aa  deMihbect  in  ■ 
previous  paper,  this  connection  aoon  becomes  lost  at  oertaJr-' 
puiota  [fig.  9),  and  aiaiiiUiinetl  at  others  (fig.  10).  Figs.  9  ani 
1 0  arc  contiguous  sections  ihmugh  the  1 5U]  a^ment  m  a 
with  twenty-two  argments,  shoving  this  point.  At  llw«e  |. 
wlictv  the  coDlinuity  ia  retained,  a  pcntoDBil  funnel  is 
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qnenlljr  formed  by  ihe  dcrelopiDcnt  of  a  lumen  extending  from 
tne  body  c»»i(j  inlo  llwr  iulfniicdiiite  cell  masn. 

The  features  of  the  stage  of  development  now  renehcd  nrc  well 
iuiovn ;  it  U  that  of  the  S-ahaped  cords  of  cells  vhicb  have  been 
fO  ofWn  described.  In  tko  adjoining  noodcut  is  represented  part 
of  one  of  these  S-«haj>ed  stnDg»,  showing  clearly  the  aborc 


JVoMwrM  SeetiM  l^oitgh  Ih  Trmk  i/a  DaeJk  Bmttjo  uiU  aivul 
Itrvaljf-fimr  Uri^tlatlie  Sotiila. 
am.  ■■anion ;  w.  >oiiLato))icun  -,  n.  ifil«tichiiO|>leure ;  led.  WolESui  dact ; 
tt.  Hffmental  tDb«;   ea.e.  tardiaaf  veiat  ■<■  nii»de-»lale :   ipff.  (|iinal 
gaDf;bnn  i  iM-  >|>tnal  eord ;  rk.  notoebord ;  m*.  awta ;  tg.  hypoMaal. 

features  of  a  tubule,  tie,  «J.— (1)  the  Wolffian  duct,  in  which  a 
lancn  has  appeared ;  (2)  the  outgrovrth  from  it  to  tltc  tnlir- 
nediate  ccU  tawa  forwing  the  upper  timb  of  the  S;  (:i) 
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chick  in  which  tliirly-ns  prolovritcbne  could  be  conatel,  hfti 
pomblf  there  vcre  more.  fl 

The  gtomeralus  has  grown  imtneDsely  (ig9.  19,  20,  21),  hV 
has  now    acquired   the    peculi&r   hitlolo^ca]    fnturo   which 
charactf  ri»e  it  at  the  time  of  its  grtatent  lievelopmcnt,  and  which 
have  nlrcailv  been  cteMribed  in  a  former  {>a|>er. 

Antetiorly  the  bay  baa  widened  ont  con^iderablj'  {6g,  19), 
and  the  glomrrulti^  {f.  gl.)  project*  diredlj  into  the  borh^ 
c«vi^.  Posteriori;  the  Ihit  reiiiaiD»  dc«i  (li^.  20,  21),  andlbe 
glomerulus  almost  completely  fills  it  ana  projects  bejrond  it  into 
the  body  c«vtty.  In  sections  behind  fig.  21  tliere  was  seen  s 
fairlj  well -developed  intemnJ  glomerulus. 

The  edges  of  tlie  bay  are  gathering  round  the  gtomerulos  pre- 
paratory to  fusing  with  it,  and  so  ciuMug  up  the  peritoneal 
funnel  and  dlvidiog  the  glomenilus  completely  into  two  partf, 
the  internal  vascular  tiwuc*  of  which,  howcrcr,  are  continuous, 
lathis  stage  the  epitheliulcovej-ing  of  thccxternsl  glomcnilas 
(«.  gt.)  was  distinctly,  as  in  the  previous  stage,  continued  behind 
directly  into  that  covcriog  the  posterior  internal  glomerulos. 

AThcn,  however,  the  peritoneal  fnnnel  cloaca  by  the  comple- 
tion  of  the  process  commeDeii^  in  fig*.  20  and  21,  this  epithelial 
continuity  is  lost,  and  we  have  the  final  stage  of  the  glomerulus, 
the  last  wJiith  I  have  observed,  in  which  the  separation  above 
described  is  coii)]>lele,  so  that  in  this  sta^c,  which  is  that  of  the 
greatest  developmcDt  of  the  extcmal  glomerulus,  and  eorre> 
spouils  with  the  commencing  formation  of  the  bead-kidney,  the 
glomerulus  belonging  to  one  tubule  is  divided  into  thite  porta. 

(1)  An  anterior'  part  projecting  into  the  body  cavity.  Ito 
corresponds  to  a  further  develo]>mciit  of  fig.  19. 

(S)  A  middle  part,  continuous  with  (1),  also  projecting 
freely  into  the  body  cavity,  but  also  connected  by  vaacaltf 
structures  with  an  internal  glomerulus.  This  part  is  figured  ia 
fig.  26,  and  corresponds  to  s  further  dcvclupmeot  of  the  |Mtt 
from  which  fig.  20  and  21  were  taken. 

(3)  A  posterior  part,  in  which  there  is  no  external  glomcnilas, 
but  merely  an  internal  one  belonging  to  a  true  Malpigfaian 
body  of  the  mcsoncphros,  which  I  have  not  thought  it  uocea- 
sary  to  figure  in  this  or  the  previous  stage.  Il  is  a  fnrtho 
development  of  (ig.  18.  This  stage,  which  may  be  observed 
about  the  middle  of  the  fourth  day  of  incubation,  brings  to  a 
close  my  observations  on  this  extraordinary  structure.  It  appears 
that  in 'the  chick  the  stage  just  described  is  that  of  the  greatest 
dcveiopmenl  of  the  extenial glomerulus.  In  the  duck,  however, 
I  have  often  met  with  it  even  larger  and  more  developed,  andl 

<  Ftg.  E,  PI.  II,  iu  the  pnpor  on  the  "  Hcad-Kidacj  of  the  Chick," 
•  Qaart.  Jouni.  Mic.  Sci.,'  vol.  six. 
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it  appears  to  me  >fter  iU  separation  from  the  internal  glome- 
rulus to  get  an  independent  growth,  scd  while  the  latter  is 
ondcrgoing  atrophv  to  bocomc  larger  and  exttiid  itsKlf  jiovteriorly, 
•0  M  almost  to  overlap  the  ezteroal  glomerulus  of  the  next 
tubule. 

With  regard  to  the  number  of  the  external  glomeruli  in  tho 
cbick  and  the  exact  limits  of  Ihrir  occurrtoice,  thr  following  is 
briefly  what  1  liuvc  hwa  able  tu  make  out  in  a  ciiick  with  lliirtr 
proto  vertebra: : 

In  the  11  th  sremcnt  there  arc  two  rudimentary  tubulea 
running  from  the  Wolffian  duct  to  the  peritoneal  cpilhclinin. 
At  the  [loint  of  attnclimcnt  of  these  there  is  a  »mall  railjmcnt  of 
the  external  glomerulus,  visible  for  only  one  section  in  each 
caae. 

Id  the  ISth  st^mcnt  there  is  at  the  beginning  a  Wolffian 
ttibule  and  a  well-marked  external  glomerulus  extending  through 
three  sections.  At  the  hind  end  of  the  12th  segment  and 
beginning  of  the  13th  there  is  an  eitrmal  glomemlus  for  three 
sectiona  continued  into  part  of  the  segmental  tube  behind,  in 
which  an  iuti-rnal  glomerulus  will  subseijumtly  be  drveloped. 

In  the  I3th  segment  there  is  an  external  glomerulus  for  three 
sections. 

In  the  Uth  segment  there  are  two  segmental  tubes  with 
developing  external  glomeruli. 

In  the  ISth  aegninnt  no  external  glomeruli  appear  to  be 
deveiojied,  the  segmental  tubes  being  already  scpurat^d  from 
the  peritoneal  epithelium. 

In  later  stages  only  the  three  or  four  hindermost  of  the  above 
external  glomeruli  appear  to  ilcvflop  further.  The  anterior 
glomeruli  soon  Htriiphy  «ilh  the  adjoining  tubulfs  und  iliict. 

In  the  duck  a  much  greater  number  become  developed, 
and  they  uuj  be  wen  in  the  anterior  segments  after  tneir 
raipcetivG  tubule*  have  entirely  nlrophied. 

The  bearing  of  the  developmental  processes  above  recorded  on 
any  by|>oihesis  as  to  the  phylogenctic  history  of  the  vertebrate 
excretory  system  I  propose  to  examine  in  the  second  pari  of  this 
paper  (pp. -160— 402 ;  iU). 

Pakt  II.  A  JDiKMttion  of  the  Vtrttirafe  Excreioty  Sgitem  in 

QcHeral. 

The  most  peculiar  feature  of  the  excretorr  system  of  the 
Tcrtcbrata  is  the  presr.noe  of  three  more  or  less  distinct  parts,  the 
pronephros,  tlie  mesonephros,  and  the  melniiephros  or  kidney 
[m)per.  la  the  following  pages  my  object  will  be  to  explain  the 
telatioQ  of  these  parts,  more  especially  those  of  tlie  pronephros 
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taA  BDMoncplirost  and  to  »liour  that  the;  liavc  arisen  u  difTcren-j 
tialions  of  a  piimilivdjr  uiiirorin  vtroclaiv. 

For  tlii«  [inrpoM!  it  is  wccntiaj  briofly  to  rMapiluUte  (ht 
more  impohiuit   feature*   id   the   dcvetopmeiit  which   have   ft| 
bi»riiig  on  s)}'  argument. 

Seymeni4il  DmH  and  Pnnephm. 

The  fiTHt  part  of  the  escretory  aystem  to  make  ita  ap^ 
is  always  a  ouct.     This  duct  has  received  various  names,  bot 
homology  in  different  forms  is  undiitputed.     I  shall  call  it  ttte 
segmental  duct. 

Id  ibe  chick  the  segmental  duct  is  commonly  known  as  t1 
Wolfiian  duet. 

All  the  IchthyopHJda  whose  development  is  known,  with  the 
exception  of  ElM^inobnincliH,  possMis  a  structure  called  the  head- 
kidney  or  pronephros.  The  pronephros  wlk^n  jiroent  atvaya 
develops  in  continuity  nitli  the  anterior  end  of  the  segmental 
duct. 

In  the  Amphibian  the  segmental  duct  Bribes  a?  s  groove  of 
the  parietal  peritontium,  ju»t  ventrul  to  the  plnec  where  the  body 
cavity  is  connected  with  the  cavities  of  the  niusele  plates.  This 
groove,  which  arises  first  of  all  anteriorly  juat  behind  the 
branchial  region,  is  continued  for  a  certain  distance  backward. 
It  soon,  however,  becomes  eoDstricled  into  a  canal  lying  between 
the  e^'todcrni  and  puriel.iil  pi-ritoneum.  This  cotiririctioa  bu 
been  ili'seribed  as  taking  place  in  the  following  manner: — It 
first  ap])e3r8  in  the  middle  region  of  the  groove,  giving  rise  to  a 
canal  opening  into  the  body  cavity  in  front  and  beoiud.  It 
then  is  continued  backwards  until  the  groove  is  completely  con- 
verted into  a  canal  behind,  which  soon  acquires  an  ojienttig  info 
the  cloaca,  .\iiteriorly  the  wide  opening  meanwhilti  is  divided 
up  into  two,'  three,*  or  four^  openings,  according  to  the  species 
The  connl  immediiitely  behinii  the  last  of  these  openings 
becomes  coiled  and  pined  on  the  same  k-vi-l  but  ventral  to  the 
openings.  The  part  of  the  body  cavity  into  which  the  openings 
of  tbe  segmental  duct  pass  widens  out,  a  vascular  projection— 
the  glomerulus — from  the  dorsal  inner  wall  is  formed,  extending 
unintcrrujiteilly  from  opposite  the  anterior  ojieniiig  of  the  seg- 
mental duct  to  as  far  hack  as  the  posterior.  The  diluted  section 
of  the  body  cavity  in  which  the  fijlomttuliis  lies,  and  into  which 
the  segmental  duct  opens,  is  pnrliolly  stpiiratcd  from  the  rest  of 
the  body  cavity.  The  whole  atroetunt,  including  openings  of 
duct,  ventrai  coiled  part  of  duct,  glomerulus,  mid  djlnt«d  part  of 
body  cavity,  is  known  as  the  pronephros.     The  number  of  ojwn- 
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ings  from  the  MgmenUl  duct  into  the  bodj  cavity  corrMpoudi 
wilh  the  number  of  scgmcLt*  through  which  the  pronephros 

Wilh  its  excretory  ftTstetn  ih  this  coiiditioa  the  jonug 
Amphibian  ia  hatched.  Fuiidamentnlly  the  bead-kidrifv  retains 
the  above  struciure,  increasing  only  in  size  until  it  bi-gins  to 
atrophy,  an  occurrence  which  lakes  place  oil  the  development 
of  the  me«onephros. 

This  method  of  development  of  the  segmental  duct  anil  pro* 
nephros  is  fundamcotsUy  repeated  in  other  animals  which  puitaeM 
a  pronephros. 

Ahout  ibc  marsipobrnnch  dcvi'Inpmeiit  very  little  ia  known. 
Kiirhringer  (loc,  cit.),  ijuoliiig  W.  Aliiller  nnd  \m  own  ohscrva- 
tioBB,  makes  the  following  statRoients  for  Fetromjzon : — In  the 
CuBcst  flage  which  has  been  observed  there  was  present  at 
about  the  level  of  the  heart  n  groove  in  the  parietal  peritoneum, 
which  leads  behind  iuta  a  duct,  which  eventually,  by  a  biickiv&rd 
growth,  reaches  the  cloaca  and  opens  into  it.  The  anterior 
groove  or  opening  of  the  duct  soon  becomes  divided  up  into 
lour  openings. 

Id  the  young  ,\mmoca?te9  there  is  present  a  pronephros  made 
up  of  B  complicated  coiled  duct  and  four  or  live  opening*  into 
the  body  cavity,  oppoxitr  which  is  placed  a  vascular  ginmerulas; 
the  whole  structure  extends  over  four  or  five  segments.'  Thepro* 
ncphro*  atrophies  in  the  adult. 

lu  Alyxine  nothing  is  known  of  the  development,  but  iu  the 
adult  a  pronephros  lias  been  described,  which,  however,  is  not 
fnnctiooa]  in  old  individual*  Tadull  ?),  as  in  them  it  has  lost  its 
connection  with  the  backward  continuation  of  the  segmental 
duct. 

It*  consists  of  the  segmental  duct,  which  Rives  off  dorsally  a 
number  of  diverticula,  in  which  are  foutid  glomeruli.  And  ven> 
trally  a  number  of  coiled  canah,  which  open  apparently  into 
the  pericardial  cavity. 

'riie  fully-formed  pronephros  of  Petromyzon  then  resembles 
in  structure  very  closely  timt  of  AniphihlH,  while  the  pronephros 
of  Myxine  differs  in  certain  important  poinls. 

The  Teleostei  possess  a  pronephros,  which  persists  as  a  large 
organ  in  the  adult.     It  develops  in  connection  with  the  seg- 

'  Kurbriagrr, '  Morph.  Jnhrbucli,'  Bil,  3,  p.  5. 

*  Scott,  Id  s  rrnriit  pajirr  ('  .Unrph,  Jjihrbiieli,'  vol.  rlii),  ttato*  lliBt  the 
seicmraUl  duet  in  I'ptroiiijion.  ilevcluv>  S9  »  ^oM  rotd  of  cr.lU  frota  tbe 
SOtnatic  mexiblBsl.  wliicti  Bubteiiutiutl;  bi;<.'oiiics  huUuvr.     't'hc  pr-ritoucal 


•  '  Jeosischc  ZriUchiifi.  vol.  vii,  1873. 


I       openinp  of  the  titud-kidncv  stc  tictclopod  as  outj-rowllu  ftom  tbe  anterior 
ctid  of  ibn  duel  to  ib«  boifj  cavity. 
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mental  iluct  predfd]'  u  does  the  pronrphrtu  in  Atophibii. 
only  difTerenoe  between  the  two  u  tlial  in  Telrostci  the  apgrnent 
duet  baa  never  more  liian  one  anterior  ofieDine,  uid  (he  part  of 
tbc  bodj  cavity  into  which  it  opens,  and  in  vhidb  th«  glumcmlo* 
lies,  ix  complctclf  coiutricted  off  from  the  mt  of  tbp  body  cavitj, 
awl  comes  to  resemble  exactly  an  euorcoou*  Malpighian  body.' 

I  may  here  som  up  the  common  featuren  chaniclerisiiig  the 
ontogenr  of  the  pronephros  and  its  duct  (se^ental  duct)  in 
all  the  forma  of  the  Ichtbyopaida  in  which  the  development  is  tl 
all  known: 

1.  The  segmental  duct  arises  first  as  a  ridge  from  the 
parict.'il  peritoneum.  Hiis  ridge  usually  contains  a  diverticolnm 
from  ihe  budy  cavity,  and  is  conliauously  eoflstrieted  off  to  form 
adueU' 

2.  Kxcept  anteriorly,  where  the  constriction  only  takes  pbce 
at  iut«rvals,  leaving  the  opcniugs  of  the  pronephros  (except  in 
Telcostoi,  wherv  there  is  only  one  opening). 

3.  Th(««  opening*  correspond  in  number  with  the  segments 
vrhich  the  pronephros  occupies.^ 

4.  A  vaKttlar  itructure,  culled  glomerulus,  is  formed,  pro- 
jeclio);  on  each  side  of  the  aorta  Into  a  specialised  dilatation  of 
the  anterior  pnrl  of  the  body  cnviiy.  Myxine  forms  a 
exception  to  this  otherwise  universal  fad. 

5.  lliis  dilated  part  of  Ihe  body  cavity  may  become  partis 
or  completely  separated  off  to  form  a  capsule,  into  which  tb 
glomerulus  projects  snd  the  anterior  end  of  the  segmental  duct 

0|K1VS. 

6.  Tile  pronephros  in  all  those  Ichthyoi»ida  in  which  it  is 
found  attams  a  functional  di-Telopmetil,  But  is  usnally  only 
active  during  s  period  iulerreiiiug  between  tlie  hatching  and  th« 
attainment  of  full  mitturity,  *.  e.  it  only  functions  in  the  larva. 

In  P.tasntobranchs,  which  do  not,  so  far  as  is  known,  jKissess 
a  i^onephros,  the  segmental  dnct  arises  as  s  solid  riilgc  from  the 
somatic  layer  of  the  intcrinediate  cell  mass  in  the  anterior  region 
of  the  trunk.  Krom  this  ridge  there  grows  back  a  column  of 
cells  to  the  cloaca.  Ou  the  development  of  a  lumen  the  ses* 
DHintal  dnct,  with  it*  periloDnl  opcjiing,  is  established,  llie 
daot  develops  qoite  indcpeadeully  of  adjacent  sLrueturc  bcbuid 


'  TWe  b  a  funeUawkl  bcad-kUne;  b  ailall  Ganoid*.  It  sopears  ta 
be  fomed  m  tbs  lUtOSttsn  lyp«  (vide  Balfour,  'Camp.,  Umi^oiagf, 
nL  8,  p.  SI). 

■  lii  pBltOAjson,  6coU  (sec  note,  p.  flS)  tistes  tlist  llitt  iluct  srwei  *s 
a  soliii  rod  of  eefls,  wbieli  seeosulaTiiy  becmne*  poooneted  witb  lUt 
oavily  epilhcUum,  10  form  Uie  pcuKphric  fanaels.    TUi  wcornil,  j 
opiaioM,  mmIs  eonlmiaUoD, 

«*Korb,.>»,p.*9. 
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the  point  of  it«  original  attachment,  and  doea  not  unite  with 
Ibc  DcgmcDUl  tabes  till  considerably  after  it«  first  development. 

llifi  iiiir>-rviice  ill  the  tlcvclopincnt  of  the  aegiDciital  duct  ta 
th«  forms  possessing  a  pronephros  and  in  HUstnobruichs  is  only 
one  of  dfgree. 

In  both  cases  it  at  first  arises  a»  a  projection,  cither  solid  or 
coDUiriini;  «  dircrticulain  from  the  bod;  cbtiIv,  fruoi  (he 
parietal  peritoiieuin  Just  vuitnil  to  the  inuwtu  plxle» ;  but  in  the 
one  case  this  groove  has  a  neuter  lon^tudiual  extension  than 
iu  the  other.  In  all  probability  the  hinder  part  of  the  ses- 
nenlal  duct  if  in  all  cnMs  formed  by  an  independent  grovlh 
from  Ibe  hind  nid  of  tliU  groove. 

AinongAt  the  Amniota  the  chick  i)  the  type  in  vhich  the 
deTcInpmcut  of  the  segmental  duct  has  been  most  carefully 
oumined. 

In  Uie  chick  it  arises  as  in  Amphibia  as  a  projection  (solid  in 
the  chiekj  frum  the  jjirietal  mesoderm  just  ventral  to  the 
inascle  plates ;  and  the  extent  of  the  ridge  i»  the  apaoe  occupied 
by  five  segments. 

This  ridge  is  coDstrictcd  off  at  intervals  from  the  intermediate 
edl  mass,  but  remains  attached  at  certain  points.  The  hind  end 
of  tlie  duct  ii  formed  by  a  growth  back  from  the  hind  end  of 
this  ridge,  which  takes  place  iodependently  of  adjaccDt 
structnre*. 

The  qnrclioD  dot  presents  itself;  are  these  stroetures  at  the 
anterior  end  of  the  s^tnenlal  duct  in  the  chide,  which  »o  cloeely 
reaemble  in  developmi-nt  the  opi-iungs  of  the  Ichthyopoidan 
*   ad-kidocy,  homologous  with  that  hmd-kidney? 

To  a  consideration  of  this  qneation  I  shall  return. 

The  mesonephros  obtains  a  large  derelopmcnt  in  all  the 
grou)>a  of  the  Vettehrulu;  but  it  doe*  not  persist  as  an  cxcre* 
lory  organ  in  tJie  adult  of  liie  Amniota. 

It  dc\-clop«  iu  three  very  mark^ly  distinct  ways. 

The  fint  of  these  eharactehsts  the  £laaniobraiichii 

The  second  the  Amphibia,  Tcleoatei,  Ganoidei,  Iktarsipu- 
iranchii. 

7'he  third  the  Amniota. 

7%s  Sevelopment  of  Meiontpin>$  in  Btatmotrraaciii. 

[The  segmental  tubes  of  Elasmobroiichii  irere  originally  de- 
^bed  by  nalfour  a^  arising  as  solid  diverlieula  of  the  (icritonrs] 
epilheiium.  An  examination  of  Ualfour's  specimens  led  me, 
hiirrvvr,  tn  conclude  that  they  originated  aa  specialised  parts 
the  Itmly  cavity,  vix.  from  the  canals  in  the  intcruieaiate 
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cell  ata.nt  irbich  connect  the  tnascle  pUte  cavjtie«  with  the  genen] 
body  cavity ;  niid  Biilfour  has  now  givco  his  adlicnaoo  to  tkia 
Tiew  ('Comp.  Embryology,'  vol.  2,  p.  570). 

Thc&c  caii^U  Iiaring  lost  lluiir  coniit^clioii  with  the  bodjcari^ 
of  the  innsclc  pintca  acqnire  bq  opeuiii^  iiitu  the  segmcBtal  jaet, 
and  difrert'iitialc'  into  tfic  lypictil  WoUnan  tuhuli-s.  Itic  conncc- 
tion  with  the  gVTivralboily  cavity  may  or  mnr  not  bt  rvtjiiticil  in  the 
adult.  The  Mcoiidary  tubule*  develop  a*  outt^wthi  froin  that 
part  of  the  primar?;  Inboles,  which  will  give  rise  (o  ■  Mi' 
pighian  csp«u]c.  Th«e  outgrowth*  grow  forward  and  eve 
tually  acquire  an  opening  into  the  Icrmiual  portion  of 
tvboJe  o(  the  segment  in  front.  Iiater  Ihey  loose  their  conue^ 
tion  with  the  MalpigbUn  capsules,  thongh  a  rudimeat  of  tbis  ia 
aomclimi-8  irlnined  as  a  lolid  cord  of  celts. 

1'lic  method  of  devnlopmeat  of  the  aecoudury,  tertiary,  &o.| 
tubules  ban  not  been  followed. 

The  primary  tubules  open  into  the  KgmcntAl  duct  very  shortly 
after  the  Utter  has  acquired  an  opening  into  the  cloaca. 

The  furuistion  of  the  Mnlpighiaii  bodies  and  the  outgrowths 
from  them  to  form  secondary  tubule»  occur  Ijter. 

For  a  full  account  of  the  devflopmeiil  of  llii!  megK)ii«phro«_ 
in  Elasoaobranchs  I  must  refer  to  the  works  of  Balfour 
Sempcgr,  to  whom  wc  owe  tbo  whole  of  our  knowledge. 

Jfeveiq>m«iU  ^  Qtt  ilumupim  in  tic  remainder  o^  Ala 
teiUyopnda. 

As  B  type  of  Ibis  development  1  will  take  an  Amphibtaa, 
Sttlamandra,  in   whicli   animal   it    has  been    Dwre  cutn]i1etel| ' 
elucidated  by  Fiirhringer  than  in  any  other.' 

('Hirbriiiger  tlexcnbcs  the  formation  of  the  moooephrus  ai 
taking  place  entirely  during  larval  life;  no  tt»;e  of  the  j^Und 
being  seen  iu  the  newly  liatched  larva.  It  arises  as  a  seties  of 
ingrowths  of  the  peritoneal  epithelium,  which  soon 
•epamle  from  the  latter.  The  primary  tubules  arc  hollowt 
in  the  cell  masses  to  formed  indepeDdc&tly  botli  of  the 
cavity  and  segmental  duet  (Vi'olRlaD  duct),  but  subiefjtunL 
they  acquire  kh  u[i«uing  into  both. 

The   sccoiuUry   tubnles  arife  in  a  blastema,  (he  origin 
which  is    not  clear,  but   ia  appan-ntly  derired  from  the    j( 
menlionetl  serial    ingrowtlw.     Thej  acnuire  an   npeVing    in  . 
the  collecting  part  of  the  primary  tubule  and  into  the  bndj 
cavity.     The  remaining  dacral  tubules  bare  an  equally  nbs 
origin. 

•  •  Uunobraudi  t'akt*,'  ii.  HiO  «f .  my. 
-  I.UI-.  cil- 
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Ah  Uie  mcsuitephnw  becomes  more  developed  the  pronephras 
i«tTognidc«>  BR<)  i»  evenluall;  entirely,  la  fu  lu  its  tODCtiou  is 
concenied,  nplacetl  hi  the  formrr. 

The  de»elopmcnt  of  tlic  nn-^inuphros  in  TtlcojtM,  Marat- 
pobranchii,  Ganutdi-i,  if  ninitiwj'  dtt»cril)t<i  »s  taking  place  in  llic 
tree  jrouiig  (larrii]  rruin  atrings  of  cells  derived  from  the  peri- 
toiieni  e))ilheliuin.  In  Mampolinuicliit  as  in  Am|>hibia  tlie  young 
are  hatched  with  a  functional  proucptiroM,  and  no  trace  of  tlio 
mesotief)htoi ;  but  (lie  fonnrr  ix,  in  the  further  growth  of  the 
jwmg  animnl,  gradually  replaced  fimctionally  by  the  latter,  atid 
more  or  lew  retrogrades.  In  the  TeleOvtci,  however,  an<l 
Oanoidd,  it  persisls  with  ihu  niennnephros  uk  an  imporlant 
funciioiial  organ  iu  the  adult,  in  Home  Tdeostei  the  pronephros 
is  the  only  funclioual  adutt  kidney,  the  mcsonephnw  not  being 
developed. 

[  h.tve  ni:ule  some  obtervatioiu  on  tbe  dcvelopiaent  of  the 
ineiioiwphr«i.i  in  the  Prog  (Saiui  tst^oraria),  Suluion  and  Stur- 
geon, and  my  obserTnliuna  lead  me  very  slronsly  to  doubt  vbcibcr 
FiirfafiagCTand  other  obtervers  are  right  in  describing  Ibe  origin 
of  tbc  cells  which  give  rim  to  the  meaonephros  aa  Actual 
itigruirtlis  from  the  peritoneal  epithelium. 

In  the  case  of  tlie  Frog  Ui»  is  ccrtaiidy  not  the  c*»e.  In 
fig.  ih  is  represented  n  Hccliun  through  a  Tadpole  of  1 1  mm., 
showing  the  first  lra<*  of  the  cells  (k  b)  from  which  the  Wolffian 
tubules  arise.  At  their  first  appearance  they  are  ijidependent 
of  the  (leritoDeura,  and  only  secondarily  become  conn«<;led 
vith  it.  Fiirbringer  Bgures  from  the  Sahimatider  a  section 
in  support  of  bts  statement ;  1  have  alito  seen  such  njipearances 
in  the  Tadjwic,  but  in  this  animal  these  strings  are  oidy  found 
in  that  part  of  the  animal  in  which,  T  am  confidenlly  able  to  state, 
no  WolJDBan  tubules  arc  ever  develoj>ed.  I  have  examiDcd  and 
compared  scg^meiil  with  segment  of  Tadpoles  of  various  ages, 
and  have  nrver  fi>und  these  strings  of  cells  developing  into 
Wuiftian  tubules.  The  cell  brings  a]>|>ear  to  me  to  arise  from  a 
blastema  of  cells  dcvcloixd  in  tifii  becoming  connected  with  the 
peritoneal  epithelium,  and  they  are,  no  doubt,  rudimentary 
tubnlex. 

Fiirbringer  in  bis  paper  pres  no  evidence  of  the  origin  of 
these  cells  from  the  peritoneal  epithelium,  except  a  drawing  of 
a  stage  iu  which  the  Mutcma  is  connectMl  with  the  peritoneal 
epithelium.'     I  have  alsoaeen  Uiis  stage,  as  mentioned  above, 

'  li  '  '  wnlla^oatlir  sulge(*,aRr«cswilbPutbTijiser 

at  to  II  Jiich pre rUc  ID ihc nieM««pbroa.    Bntlnia; 

draw  klicbliuii  t»  \ht-  Un  (IikI  (>>>'.te  haii  lirld  tliicn  TJcwi  do  tlii4  |ioiut, 
ttw  W  of  viwli  dill  not  Bt>pcai  {tee  Fuiliriii(^i,  loc.  ctt.)  tilt  187Ii,  i-f. 
after  tliK  )ialriieslion  u[  liiiKoar  aod  Seaipcr's  woik*  va  '  BlMaiuhraaclu.* 
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Id  my  Motions  of  tbe  Frog,  but  have  completely  failed  to 
Gad  the  eorlier  stages  of  tliU  iDgrowlh.  Uiiv  would  txpcctto 
nee  it  preceded  by  a  thickejiing  en  the  ver;  flat  cell*  linii^  tlie 
body  cavity  at  this  point ;  one  would  hardly  expevt  tbe  fl>t 
oelU  M  specialised  lu  form  the  lining  of  Uie  body  cavity  of 
the  young  Idjva  suddenly,  and  without  fhowiog  any  change  lo 
begin  to  grow  inward.  Further,  if  the  ci-II  cordit  described  bj^^ 
t'urbringer  in  the  SaUmander  are  really  only  rudimentary  stmfr^l 
tUTcs  belonging  to  tlic  anterior  part  of  the  mesonephroA,  aa  ia^ 
ccriainly  the  case  in  the  Frog ;  and  if  the  process  which  Fiir- 
bringer  describes  for  the  posterior  part  of  the  mesontphnM  of 
the  flalamandcr  takes  place  for  all  fuUy-developed  parts  of  tbe 
mesoncphros,  ai  is  the  case  in  the  Frog,  tlicn  nart  of  tbe  diffi- 
culty  caused  by  the  |)eculiar  secondary  development  of  the 
peritoneal  funnels  diuppeur*.  Id  other  wofds,  1  believe  Fiir- 
hringer  baa  made  a  mistatce,  precisely  similar  to  that  vhteli  was 
made  about  the  development  of  tbe  Avian  Wolffian  body.  He 
has  seen  in  the  anterior  part  of  a  young  lan'a  the  cell  eonU 
mentiflunl  above ;  vhich  were  jircK'nt  at  a  lime  when  lliere  wai 
no  trace  of  the  posterior  part  of  the  tneaonepliroe.  He  kas  also 
seen  in  tlie  hinder  part  of  older  larvue  tlie  blastema  of  cells 
Beparalc  from  the  pcriloQeal  epitlielium  from  which  tlie  WoUSan 
tubalos  arise.  Finally,  he  has  connected  these  two  conditions, 
which  arc,  as  I  believe,  fouud  in  diifeicnt  regions  of  the  tmnk, 
■ad  hiu>  concluded  that  tlie  cell  strings  of  the  anterior  part  ban 
Mparated  from  the  peritoneal  epithelium  and  giveji  nsc  to  the 
cul  masMS  of  the  posterior  part  irhich  really  develop  indejKD- 
deollv  of  the  peritoneal  cpitueliutn,  and  crentuallv  give  rise  to 
the  Wolfflan  tubules. 

&Iy  obsenratioDs  on  Teleo«tei  lead  roe,  for  nmilar  reaMias,  ^^ 
assert  an  origin,  tn  tiiil,  of  a  continuous  blastema,  irhich  lat^^| 
breaking  op,  will  give  rise  to  the  WolfGau  tobules.  ^^ 

On  llie  oilier  hand,  Uie  older  observer*,  including  Vogt  and 
Rosenbrrg  for  Tclcoetei,  Hathke,  Joban.  Miiller,  KeiclKrt,  Vugl, 
for  Amphibia,'  are  quoted  by  Fiirbringcr  as  asserting  an  origm 
of  tbe  tubules  as  •  aeries  of  excavations  in  a  Uastcma  of  celU 
lying  just  intenta)  to  the  segmental  (Wnlffinn)  duct.  And  it 
seems  to  me  that  the  older  observers  werei,*  as  iu  their  atate* 
menta  conceniing  the  development  of  the  mcMiiephtos  to  the 
chick,  not  far  from  the  tmlh.  In  the  Stargecm  mv  obscrvationi 
point  to  a  timilar  coiiclusioii ;  in  tlie  jnsWiatchea  young  a  few 
mesoblatt  cells  are  seen  lying  internal  to  the  segmental  duct. 
TbeK,  at  a  later  stage,  are  rqplaetd  by  a  more  comi»Gt  maH  of 

'  •  PilriMTinier.'  loe.  ril.,  p.  1«. 

)  Ibul.,  Ine  *it.,  p,  IJ. 

•  Sei/, '  Qnul.  Juam.  Uic.  Set.,'  Aprd,  Uffl, 
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eupving  tbe  position  of  wtiich,  ia  a  still  older  animal, 
1  tiiDules  an  seen.* 

The  point  1  «i«b  to  insist  apon  is  ihat  nufGcIcut  proof  of  an 
actual  ingrowth  of  cell  frum  the  iM-riloiienl  epitlit-lium  biiK  not 
bn-u  givf.u;  but  tUat  it  is  luuch  mori;  probable  tbat  the  kidnej 
blMteina  aro&c  iu  titi,  in  some  ctae»  perhops  in  coatiiiuit;  with 
tbe  peritoufjl  lining,  and  iu  oth«r  cam  indepemJcntly  of  it> 
but  (onn  becoming  nuilcd  «ilh  it  to  foioi  tbe  nephrositouiats. 

Tbe  development  of  the  nwsonepbroa  in  the  Amniota  has  been 
aaoat  full/  idncidatdd  in  the  chick.' 

In  a  recent  paper  I  bare  deecribcd  lh<!  dcvflopmcnt  of  the 

Sostciioi  Wolffian  tubales  from  a  cuiitinuouH  bliisti-ma  of  wW* 
erived  lirom  the  int<^riiiediate  cell  mnia ;  and  in  the  first  [tart 
of  this  paper  tbat  of  the  anterior  tubules  from  Ihc  ccU  cords 
lef^  conDecting  the  Wolffian  duct  and  intermediate  cell  mas». 

Fortbcr,  in  tbe  chick  tluire  is  a  kind  of  iutenuedinti*.  method 
of  development  of  the  tubules  of  tiie  1 2th — 15th  segments  (see 
above). 

lite  question  here  again  rccun  which  wax  a* kcd  before ;  Ate 
tbese  tubules  of  the  anterior  jtarl  of  the  Avian  WulfHaii  body 
resUf  tubuin  of  \\\t  Wolllion  bodf,  or  huvc  (hey  noinrlhing 
to  do  with  Ibe  bead-kidnejr  P  For  a  dtscussioD  of  this  ijuntiun 
.  must  refer  below  to  p.  4tiU. 


The  Nefanepiro*. 


I 

^HT  Id  a  recent  paper'  I  have  attempted  to  show  that  the  me- 
^^anephroi',  whicb  ia  found  only  in  Ihr  Amniota,  i»  developed  from 
^^a  blastema  of  celU  which  arises  cimlinuoiisly  with  but  behind 
the  blastema  from  which  the  WntfSan  tubules  develop. 

Although  the  bln:<tcma  which  will  give  ri»c  to  the  greater  part 
of  the  ni4:t(uirphros  uriites  at  a  coniparalirely  eaily  stage  in  de- 
velopment, still  it  is  not  till  a  lauch  later  stage  that  it  shifl«  its 
position,  and  begins  to  show  signs  of  developing  into  Uie  Wolffian 
tubules.  This  late  dcvi'lopment  of  the  kidiicy,  which  )0  this 
point  to  a  eerlain  eitent  rt-semblea  the  Amphibian  mcsonephios, 
u  n  very  remarkable  fact.     I  shall  return  to  it  again. 

I  have  thus  run  over  very  tapidlj  the  most  salient  features 
in  tbe  dcvdoptncnt  of  tlic  various  parts  of  tbe  Vertebrate  excre- 
tory system,  so  far  as  it  is  at  present  known  to  us.    I  now  turn  to 

'  UaUour  lias  recenlly  itcMntetl  the  euHeaee  of  solid  oonb  ot  cells, 
eonneacd  *f  [fa  llie  ptritouea)  (fdtbsliaai.  In  the  snUnor  part  of  lh«  mno- 
tie|ihros  ol  Ills  «targeon  ('Conip.  Krobrjolc^,'  rot.  ii,  p.  6S1).  Tlw 
ontcia  ot  tlicte  card*  tt  not  cleori  nciUicr  ■>  a  ccrt«ia  tJul  lliej  uulergo 

tlldevelMxiieat. 

■  Liie.m. 

*  Locdl. 


i«fc»; 


Ill  niilfi  ■- *—  ^     OrOKUBi 

jiliiiil^     V»rtd!^   ^   ft>  ■mini,    far  Or   T« 

'    ir 

I  oClfa  I t^  V« 

hrt«  roda^V  Aif  fault.  •< 
Hief  M*  fMnd,  fo  ofetMB  taj  kaavledgv  of  ths 
Jtwluyiif  or  UnctOR  oT  ioft  puto,  nd  Ifac  bigte' 
ylawilaloKy  Utnmt  ufoa  the  bter  talaij  ii  at  pwt  ififcah 
f«  wr  M  aeUliiig  qsMtnar  of  lld>  ktad,'  as  Um  k  im  tbron 
•Inort  Mtinlr  ipDa  rabrrobgy  far  Ikr  facts ;  bat  the  facU 
which  fltnbrjoldgj  ■(  preMU  wp^bea  lu  wjtb  ±n  qtntc  utads- 
tffUlc  to  eiubl«  u,  e?ea  apftmuBaUl;,  to  solve  the  preUcm. 

'  h  atbbf  Mil  (te  pkitqpnj  of  ofgna  wkkb  ban  lud  n  ari;  arfita, 
H  M^HM  in  Ma  Ifaat  (toolnin  cu  help  n  m  tkis  «n  fMUMrt  cibml. 
Dmim  r«raM  wliieb  we  bamd  m  iha  oUcM  roeka,  ml  sliisb  fan  niUMd 
m  mmII  ttoliiHl  fXnp^  *tr7  li»I'  HiukrI  ipftwrntlj  la  alradnre.  tn  lbs 

MMMl   4*^,   pnmMr   IvUin   tlie   was  BStlKid   of    dnrdnpwnil   ncrw   M 

IbM.      11)1  numtuiiw   Uu  nskmlocj  of  tueh  linits  foraii  i>n  aiicU 

•tMet  In  fl«4  Uhi  derelofnnral  of  mrtali  ont>^  iliBfntiL  to  tliai  ia  oiW 

tntmsli  biliinrlnfi  la  htifoi  liring  smupi.    Tufiuiiii  to  llw  BnnliiopodK,  • 

IPMWf  nf  fpiuil  a«lii|uH^,  «p  Hail  a  drnioiinnl  M  U«  bodf  btiIt  wUtb 

'  '<     '    1  fti*  kiiiBub,  Htd   wliick « ;nr>on  we  ri^nl  w  Ilia  imiU 

I  ']  a(    ilnr|i7|>iiieal  (it   lliat  urgm    knuaiu     K<i«,  of   llw 

''     Hi*    UratdiiopiHla  in  Lki*  rwprel,   tWatmeloMiu, 

'  mA  bodiw. Md  M  wt  foond  tu  rwiiUj  bqi 

I'  >•  "^  ■-<■<  iimnnt  ilaj,  «ilh  ni(.*rd  tn  llicir  rrlstNna  la 

rm^ii  lliNt  lk<>|  (rn  mmTali  of  tOMr  lari;nr  |trDii)n,  Uie 

III  hI.IHj   liifo   iiii,l<'iiT-iiLii  (o  much  *nituiio«i  Ifat  ibtir 

-  Kniiifi.  KidiiaudemiaU,  wUnli 

1  xiKJ  Kl  iu  amiiiBit  ilenlo|iiMMa 

-;fiiaa  ■&;  fri;  Bikikrd  rliuiftci  iiae« 
'  iwiox  Uu>  lii'c,  Minii  vnrj  in<)MrUnt 
I  Ml)  'x^ilit  W  vliUiMit  ii)  tiul|Mii4  IU  hi  ili-cl<l«  i(iiuliuat  nl  Britkii 
lfk>lii|t«a;. 
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But  still,  such  at>  Hiey  are,  it  seemii  worth  while  ta  put  litem 
to^bcr,  xnd  to  ihcata  th«  oonolusions  to  which  tbey  seem  to 
potut. 

Mr.  Balfour'  bus  compaml  the  (.-mbryonic  n.-cord  to  an 
nncieul  ntanuMiripl  in  which  mtiny  Ivnvi.-*  arc  inUting,  many 
rtioTcd  out  of  tlieir  {>ro]>(!r  ortkr,  and  many  s|iu(ioua  uikb  inter- 

I  pointed  bjr  Utrr  hands.  It  i*  the  dutj  of  an  cinbryoio};''''  ^ 
trj  to  rcconntnict  the  muiiuvcript  and  »ce  vxactlj  whnt  it  cutjtaincil 
when  it  was  flmt  written.  Id  aoing  ihiit  hr  ia  hicImI  l>/  il>e  fact  (hat 
be  hua  vxTra  to  uisov  copiea  of  the  manuacripl,  which  have 
each  been  ascd  and  altered  by  very  different  pcome.  He  is  ihua 
able,  bjr  cumpariiig  the  dilTerL-nt  copies,  antl  by  nludi-iug  ibe 
characters,  &c,  of  the  people  by  wbom  thcijr  have  been  irawcMnl, 
to  arrive  at  m  more  correct  iiJea  ss  to  what  the  original  was  like 
than  if  he  had  only  one  copy. 
n  In  ittudfing  tbr  various  einbryoiiic  record*  we  have  we  can 

I  pick  out  certain  featurM  cuminou  to  all,  aiid  which  may  be 
assumed  to  liavc  had  their  counterpart  in  the  phylogirnetie 
htetorj.  But  the  majority  of  features  bavc  been  so  altered  that 
it  is  only  posaiblc  to  arrive  ut  anything  lite  a  conclusion  by 
takiug  into  account  the  complicated  oouditwas  in  which  the 
animals  have  lived. 

Diteumon  of  tAe  freetdiny  Facia, 

While  the  pronephros  is  characterised  by  a  very  similar  stroc- 
tore  and  (levclopmcnt  iu  all  the  animals  in  whieh  it  occun,  the 
nHsoncpbros,  though  poMCuing  in  oil  animals  a  fairly  similar 
adult  Klructiire,  prcneDls  in»«t  remarliahtc  dilTcrences  in  develop- 
ment in  the  different  grtmps.  Whde  Die  uictoin-phros  is  uni- 
Teraally  (few  IVIeostei  eicrpted)  present,  the  pronf|ilir(iti  is  only 
nraent  in  certain  forms.  Congidering  brat  the  Ichthyopsida,  it 
IS  at  oQcc  si-cn  that  the  presence  or  nbweDce  of  a  pronephros  is 
correlated  with  another  peculiaritV'  When  the  pronephros  is 
prevent  the  egg  contains  a  relatively  small  amount  of  fuod  yolk, 
and  the  young  undergo  a  considerable  part  of  their  development 
after  leaving  the  egg;  while,  wbeii  the  pronephros  is  absent,  the 
egg  containn  a  very  bulky  food  yolk,  and  tlie  young  undergo 
far  the  greater  part  of  their  dcielopmcnt  within  the  egg  (Kliu- 
mobranchii). 

Pnrther,  again  considrring  the  lohthyopsida,  wc  find  that  one 
method  of  development  of  the  mewnephros  is  fonnd  in  those 
aitimals  with  a  pronephros,  while  the  other  melbcd  ii<  found 
in  those  anitoals  without  a  pronephros.  Of  the  two  melhuds  of 
di-velopwcat  of   the  wnoiiephros,  while   one    (that  found  in 

t  ■  Conp.  EtDbtyolo)};.' 
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iElaamobmncIm)  maj  be  considered  at  in  «mw  retpecU  primit 
the  otlicr  mtut  he  rcgnided  as  very  macli  modifiM]. 

Whatever  may  bare  been    the    phylogtinctic   origin  of 
WoUSin  tabalee,  the  ontogenetic  origin,  u  t>«en  in  Amphibii, 
Teleortd,   Ganoida,  Marsipobnnchii,   cannot    possihlv    be  n- 
rgarded   as  in  miy  waj  approaching  tlic  former.      We  caomt 
auppoK  th»t   a   cleSnite  icerial  Otgnn  like  the   rarwnephroa  ile> 
veloped  ill  philogcnj-  as  a  aeries  of  independent  cavities  in  »     i, 
xama  of  mcsolilactic  cdle.     At  any  rate,  I  think  1  am  ju>ttif]ed^H 
in  the  prwent  state  of  our  knowlwtgr,  in  ainking  thi»  statemeat?^ 
It  is  oomplelclf  opposed  to  our  ideas,  and  can  only  be  accejited 
vhcn  all  other  hvpothesis  as  to  the  origin  of  the  meMnephroa  m 
phf  logcnj,  bancd  on  the  facts  of  cmbfyology,  hare  been  shown 
to  be  untenable. 

The  lubnles  of  the  menunephros  in  Elanoobranchit,  however, 
in  which  group  tbe^  ahM  from  |>ttrt«  of  an  organ  prcvioasir 
developed,  present  ft  method  of  development  which  vt  iiot  at  u 
at  variance  with  our  h  priori  viewa  aa  to  tlicir  phjitog««tie 
origin.  From  conriderationii  of  Ihia  kind  it  seems  to  me  a  £^ 
Maamption  that  the  development  of  the  tubule*  in  Klasmo- 
brancbs  from  parts  of  the  bodjr  cavitj  more  nearly  rcseinbla 
the  method  by  which  the  oKian  arose  in  pbvlogen;  than  does 
that  of  the  WoifHin  tubules  of  the  remaining  Ichtiiyopsidfl. 

In  £lftsmobrauehs  the  WoIfRau  lobule*  uavc  a  seemeBtal 
arranscment ;  one  is  found  in  each  segment.  Ln  all  probability 
this  wo  is  a  primitive  condition. 

Tbe   arrangemnit  of  tbc  tobulca   in  the  other  rertebrata, 

attliough  it  doea  not  aclnatly  affoni  aopport  to  this  view,  still  il 

docs  not  disprove  it.     It  is  a  well-known  fact  that  tbe  segmental 

lul>es  hare  rerr  r3r«ly  a  segmental  arrangement  in  the  o^all  or 

even  in  the  embryo.  But  in  this  connection  it  must  be  remember 

that  the  tendency  of  development  always  Mcms  to  be  to  ren 

that  part  of  the  mnoncphrm,  whidi  i*  going  to  function  in 

adult  as  an  excretory  organ,  more  oomract,  i^.  to  brii^  jia 

eonstitoent  parts  closer  together.     I  need  only  refer  to  Ibo  kid- 

Ineya  of  the  Urodete  Amphibia.     Here  t)ic  pottcrior  part  of  tbe 

rnKsonephroa,  which  ia  suing  to  function  id  the  adult  as  kidney, 

'becomes  distinguished  ny  its  site  and  the  oonrw;  nf  its  dneta 

from  the  anterior  part,  and  in  the  female  by  its  size  only  bom 

tbe  anterior  part.     And  Fiirbriiiger  has  shown,  in  SatamamJnt 

macah/a,  that  in  convspondence  with  tbe  increubg  aizo  of  the 

slerior  Ki(ioD  then!  ia  found  nu  increased  number  of  pruoaty 
abnles  in  a  aegnent,  as  well  as  of  dorsal  seoondary  tubules. ■ 

*  BpewM  ^wn^er  aMcrta,  that  m  t^  {tmiie  of  Higap  Aiapyiiia  bm 
iaTcstigdM,  the  ki^Dc;  (aicKinspliro»}  oonlaiiM  an  vnifDinB  anatlMr 


■u  or 
ben4^i 
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Spengd  lia*  tlso  shown  that  even  in  different  apeci«  of  one 
geaos  tbe  number  of  primary  tobules  in  a  segment  difTeni,  eg. 
in  ^ierpet  »ar'tr'jal*»  kXkiv  is  one  primftrj-  tubole  in  a  B«gmenl, 
id  Spf-Urfti/iKiJ'  ihere  an-  two. 

Farther,  rurbiingf^r  sutea  that  in  Uic  3|iecies  inveatigit«<)  hj 
liim  tiie  uambi-r  of  pnmsf^  tuliulea  in  a  segment  increases  with 
the  S};t>  of  the  nnitoal. 

"Pw  Asla^en  «inil  in  ihren  frDhenfi  EDtwiekduofnitadien 
Icicht  su  Mbeitlcn  ;  spitlcr  hinj^girn  la^m  8i«  sich  ik>  iniiig  ta 
einander,  dsM  ciuc  Abgrcumng  tmmo^licb  vird.'" 

FinaUff  tbrre  Kcms  to  l>e  o  iliatinct  rcUtion  between  the 
doHineM  of  a«;regalion  of  ihe  tubules  with  rt-j^nnl  to  the  body 
segments  ana  the  number  of  segments  found  between  the 
mouth  and  the  bduh. 

Ill  tbe  AnourouN  Amphibia,  where  there  are  verj  few  scgmcato 
in  the  adult  in  this  region,  ve  find  a  very  compact  and  oompli-x 
WAavy. 

In  ttic  Urodele*,  in  which  the  number  of  segments  it  greater, 
the  kidni-j  occupies  a  greater  number  of  ifegmenta,  and  is  not 
oeorlv  M  compact,  white  in  C(edlia,  in  which  tbe  anus  is  ahnnst 
lermiual,  very  feir  segments  being  placed  behind  (tail  undiirur- 
enliated),  we  find  that  the  kidney  is  segmental,  >'.  e.  one  primary 
tnbntc  is  found  for  (-nch  M-gmeut,  uid  it  oocopics  in  the  adult 
as  many  as  sixty  segmeuU.* 

Tufniiig  to  the  AmnioU,  wc  find  that  in  Lacertilia*  Ihe 
mt»uncphros  has  at  Arst  a  se)fmental  nrrangement,  one  primary 
tubulv  for  Mch  segment,  mid  atthotigh  it  hsis  not  bmi  shown  ihat 
the  fully  developed  niesonephros  of  lizards  has  Inst  ibis  future, 
still  there  cut  be  little  doubt,  considering  its  resemblance  to  ihst 
of  Aves,  that  it  has ;  while  in  the  c*se  of  the  diick  *  the 
namber  of  primary  tubules  in  a  segment  increases  with  tbe  age 
of  the  eDibr>o. 

Ttiei«  three  facts,  viz. — (1)  The  variability  of  the  nnmber  of 
primxry  tubules  in  a  segment  in  closely  allied  forms,  (:j)  the 
iiicn-ii.-<e4l ''  number  in  a  segment  as  development  proceeds,  (S)  the 
relation  between  tbe  compactness  of  the  kidney  and  the  numlier 
of  segments  over  which  it  extends,  all  point  in  Ihe  same  direc- 
tion.    Tlicy  seem  to  iudicate  Uiat  the  tubules  of  tbe  Wolffian 


secmetital  tabvlM  in  each  segmcal  OTcr  iU  whole  arcs ;  while  in  tbe  nalo, 
hs  lads  thst  tbe;  incrGMO  m  nnmber  bcfcind. 
'  Loc.  cit.,  p.  19. 

•  Spenffct. 

•  Bnun. 

•  Self,  '  Qatft.  Jount.  Mier.  Set..'  April,  1$80. 

■  There  is  ao  eiiilaicc  that  tliis  i«  cwetsd  by  iaIetcalatiM  ia  the  citkl: 
st  niy  nle. 
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body  RFC  cii]Mbte  of  >liifUag  their  position  according  to  tlu 
vanU  <»f  th«  (taTttcuInr  species. 

We  knov  v^^r;  irvll  alba  organ*  can  do  this,  and  I  need  on); 
roenlioD  the  9>nu»  placed  so  uear  the  bead  in  frogs,  and  m  bt 
off  in  Co»ilia,  and  it  sccmit  onljr  probable  that  an  impoiUiH 
^laud  like  the  kidney  should  be.  CBp»ble  of  acquiring  ■  poatioi 
and  armiigement  of  ita  constituent  guru  different  from  die  poit- 
tioti  of  their  Hevolopment,  if  it  ia  adraotagcvni  for  (he  per- 
formnDce  of  the  function  of  the  organ. 

The  evidence  which  at  the  first  look  appeared  so  atroof 
against  the  primiliveiifwii  of  the  Klotioobratich  arrangement  ot 
one  primary  tubuli!  to  each  scgnKot  prov«Jt  on  cxanunatioti  to 
lose  a  great  [inrt  of  its  force. 

I  now  euEHc  to  a  diificull}-  which  apparently  at  preaent  prcMnli 
an  iiiHuperable  obstacle  to  a  suceenful  solution  of  tlie  quostion 
nnder  coneideralioo,  viz.  What  waa  tlie  Klructurc  and  d«ve- 
lojiinent   of  the  excretory  system  of  the  ancestral  Vertebrate  ? 

Ax.tumirig  tiint  the  development  of  the  Klairaobrunch  mesone- 
phr»!>  pT>-sciits  primitive  featurea  in  the  two  delads  alivadj  con- 
adereu,  its  devclupmenl  in  a  third  particular  nn  by  no  meaiu 
be  aammet)  to  be  primitive.  The  fact  that  the  s^me 
duct  develops  independently  of  the  tabnifs  cannot,  in 
preMnt  state  of  our  knowledge,  be  regarded  as  primitive 
ObjectioRt  of  precisely  llie  same  kind  as  loose  used  in  arguing^ 
agniiift  the  development  of  the  tubules  in  Amphibia,  Sec, liejiig 
primitive  pment  ui«m»clves  here. 

Any  phlyogenctic  hypotlicais  which  preeeuts  difBcnlties  IroiD 
a  physiologicaJ  standpoint  miiat  be  regarded  as  very  proviaional 
indrul.  Tbe  pbysiological  difficulty  prei«eiit  in  tJic  coneeplion 
that  in  (he evolution  the  mesonephros  has  arisen  by  the  fuaion  of 
two  distinct  parts,  viz.  the  duct  and  tobde,  is  m>  great  that 
until  facta  are  brought  forward  to  show  a  different  origin  we 
must  consent  to  admit  our  total  ignorance  on  this  |M>int.  [ 
think  that  the  observations  recorded  in  tbe  Hrst  part  of  this 
paper  on  the  develQpm4:nt  of  the  Avian  Woll&an  dud  and, 
anlrrinr  (uhuU-s  nrr  of  )(reat  interest  in  tliis  rclaUoiu  Her 
we  liave  the  Wolffian  duct  and  tubules  developing  in  oontinait; 
in  (he  anterior  part  of  the  excretory  system,  wnich  boa  bcei 
always  admitted  to  preMol  (be  most  pnmitire  devclojimcst.' 
But  tliis  point  1  must  again  keep  for  Inter  consideration. 

S<i  far,  tlicn,  the  follon  ing  conclusions  have  bci-n  renched — the 
development  of  tbe  niesonephrus  of  HUsmohraiidiii  i>  ut  part 
primitive  (tubules),  and  ia  part  very  much  modifiol,  while  tfa' 
develojinimt  of  the  mtMHepliros  of  Amphibia,  IVleaitei,  &c. 
is  ill  all  respects  modified. 

Turning  to  tbe  development  of  (ho  Kgmental  dad,  we  fl 
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ounclrfi  obliged,  for  prvciavl^  nniilar  rfasons  to  those  alreaJr 
eivni  in  tile  caw  of  tlHt  mesoncphrw,  to  sup|ioec  that  that 
onIug<^DV  is  in  this  (tspect  more  primitive  in  which  the  duct 
aritcs  m  n  (HiutiDuous  groove  cvuclrictt-d  olT  from  t)i«  hady 
cavity  tlLan  that  in  which  it  nriftcit  as  a  Milid  l^nob  [modil]fd 
groove)  (or  only  a  vity  »niail  part  of  ila  courac,  and  undcrgoiDg 
Uie  major  jnrt  of  ita  carlj  grostb  quite  tnd('|>CDdaitly  of  (ur- 
roaBditi);  utrnoture. 

Ill    EijfimobraDchii    that   part   wbicb  develop   as  a  eroove 

Erniitta  as  a  groove  Umiughout  life  (abdomiBal  opening  of 
iillerian  ductj. 

Ill  Amphibia,  kc.,  that  part  which  dcrrlop  a»  a  btootc 
bccomea  constricted  off  &rft  in  thti^  mi'iilir,  aod  then  bnckwHrda 
nnd  forwards,  bnt  in  front  it  ia  constricted  in  a  manner, 
uconiing  to  Fiirbringer  not  understood,  to  aa  to  liavu  the 
variabic  iiumbere  of  opeottigs  of  tbc  pronrpbrott. 

Ilowt-ver  this  maj  m,  appareiitlv  the  opcitiugs  of  the  pmne< 
pbros  dcretop  as  UncIoMsl  portioua  of  the  anterior  rnd  of  tbo 
groove  from  whiob  the  duct  arose,  and  they  open  inio  a  space 
placnl  Bt  the  root  of  the  mctenlrry  clo««  lo  the  notochord  and 
cioae  lo  the  iwint  ubcn  in  a  pr«viouB  stage  the  body  cavity 
cooirotiuicatea  wilb  the  mu»cie  plates. 

In  the  Amphibiuii,  and  npparentlj  in  the  Teleosteao,  tbere  ia 
no  marked  vlructuK  conesponding  to  the  intenoediate  cell  maaa 
of  Elnitiiiobranchii.  The  mu»cic-p!atc  carilv  U,  aftrr  it»  vriHini- 
li«n  fnHn  the  general  body  cavity,  oiilv  «:)Mrule(t  from  the  [alter 
by  a  double  layer  of  cella,  forming  its  ventral  vail  and  the  wall 
u(  the  body  cavity ;  t.  e.  there  is  no  portion  of  the  body  cavity 
at  first  oontinuoos,  bat  sabscqucittly  divided  ap  by  tlio  cuming 
tog<  titer  of  its  walls  into  a  aertes  of  caiiaU  oomiectiiig  tbe  general 
boily  cavily  with  the  muicle  plates. 

Noa-  the  i;li}mfruluB  of  the  pronephros  develops  in  a  part  of 
the  body  cavitv  anatomically  corrcvponding  to  the  intermediate 
cxti  mass  of  J^iasmobmnchii,  only  in  Aioiihibia  it  does  not,  in 
tills  region,  become  divided  up  into  chambers  correapondtng  to 
tlie  segment*. 

With  this  part  of  the  body  cavity,  from  the  somatic  walbi  of 
which  the  original  groove  nrose,  the  openings  of  the  head-kidncT 
oommonicatc.  The  number  of  these  openings  corresponds  with 
the  number  of  segtuenta  occupied  by  the  pruncphms  m  nil  those 
aoimatf  in  which  they  eicced  one,  except  Myxinc;  hut  the 
development  of  the  pinoepliros  in  Myxine  is  not  at  all  known, 
aud  its  adult  sLmcturi-  is,  on  the  whole,  obM^ure. 

Tuniing  again  lo  l^lasmobranchs,  we  Gnd  that  tbe  anterior 
knob  of  lli«  segmental  duct  arisea  from  the  interroediale  cell 
ma:i!>,  r.  e.  (tarn  a  part  of  tbe  body  cavity  corresponding  serially 
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Wlat  ■  the  mtmn  rf  !«■  tiUmmiSMn  atOtoi  vt  im. 

lopiDcnt? 

Ib  KUanobrandu  Uie  deTeJopnest  of  the  aegBentaJ  dud  is 
modifiBd,  while  the  derdopmait  of  the  ■iiiiiw|iliiiii  ie  phmi 
in  it<  Mgiaeiita]  imngeiDntt  and  origtii  u  i  ■peciiHaea  put 
fto  orfi(«D  prcMrat  al  u  earlier  lUge. 

Ill  Amphtbts  the  derdopaiMrt  of  the  iegnuntd  duet  a  nn 
prfmilive,  bat  that  of  the  mesaoralirDs  *eT^  nodiSed,  and 
verj  Uil«r  fact  kliraja  goca  hand  in  hand  mlh  ibc  pmcn»  of  a 
|irr)ii<-phix)*.  Turning  to  tbe  prone{diroa,  it  in  foaod  to  dcrclop 
in  nmliaftilif  with  tlic  stgmcntal  duct.  It  ia  funtid  lu  poasna. 
with  ir^ara  to  ita  Dpcniuga  into  the  bodr  cavity,  a  aegueiitea 
■tructorB.  It  ia  alao  found  t«  noma*  a  BtmctuiT,  tbe  gloui«- 
nilui,  mrmbiiDK  <-itr»ordinariff  cIokIjt  the  gloiDcraltts  of  an 
ordiiinry  ilaljiigiiiau  bodj  of  the  meaonephitia.  This  glome* 
niliia  Ilea  in  a  ajM-cial  pari  of  the  body  cavitj,  jnat  as  a  glom&- 
nilua  of  «  Afa]|ii)^tiian  hudjr  in  the  mcaooqibrra  of  an 
I  KUaBiohraiich  lica  in  what  from  ita  on'giD  may  be  called  a 
^KpAcUlbed  part  of  tin-  bodjr  cavitj';  and  ^th  theae  ajwcialiaed 
aritliutia  in  Ihi-ir  anatuinirat  position  preciaeljr  oomapond  (i 
abovf,  p.  '167). 

With  all  tlicae  aimiliiritieB  can  the  infettnce  be  avoided  t 
the  hoad-Udnuj'  ia  deaGejiiIi>d  from  the  aune  jtrimidie  escrrto 
Ia|ll4»n  aa  iho  irwaoMphroa,  wliich  haa  appfai^  nrlj'  in  develo| 
Ensnt  tn  aii|i|itr  l)it'  Inrva  with  nn  |^x(1^l■tv^  mil  baa  b< 

'ible  lo  u'Iniii  H  ninrr  r^^milivi'  ilt^vc!<ijtni>  larva,  hav 

Itiii,  liBi  Out  Haul'  "i<'r  i»rt,  and  in  oonaMjiicnrE,  huvin; 

all  tta  ruiV^  uenuj .    .     ..  .1-  arilnin  tho  rfty;  in  dcvciupuig 
orRaua  vhwi  it  will  mil;  itquire  u  a  luva,  it  Icavea  onv 
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<1<-fclnpm«nt  of  tli<^  organs  not  k>  Te<]uired  iinli]  after  it  it 
liutchtsl;  and  in  onler  Ihst  it  mnv  not  be  faurdrtietl  by  ua^lmt 
oi^ns,  lh«  cells  from  which  the  tubuk-s  after  appear  and  which 
should  appear,  if  kroping  ihc  phjtoKcnelic  order,  quite  early  in 
embfyouic  life,  in  a  >'oy  alri^udj'  indicatvi),  are  reduced  so  aa 
killicTto  to  have  eacajietl  obMrvaiiuu. 

It  is  perfectly  true  thai  the  pruncpbros  does  present  pccutia- 
ritirs  of  Rtmcturc  not  prcfcnled  by  (he  menoncjihrof ,  such  as  lh« 
un»c{{im'iilvd  nature  of  tho  glumcrulnn,  and  iii  the  fact  that  the 
tub«  eoiiiiectinir  the;  entity  in  whieh  the  glomeruhi*  Ih-h  with 
the  M^meutal  duel  not  being  coiled.  Kut  in  the  fundaini^nlal 
islructurc,  i.e.  in  the  po«ae»aion  of  a  glaoiendus  placed  close  to 
Ihe  main  rascular  cluiincl  (agru),  in  the  segmental  arrai^etnent 
of  the  opening)  of  the  acgmeotal  (tact  into  the  cavitjr  (anatomt- 
cally  corns jio II din^f  in  l>[>lh  ruacs)  conl^tining  the  Kloinerulus, 
in  the  carity  conlaming  the  glomerulus  being  a  si>eciaJised  [Mtt 
of  the  body  cavity ;  in  all  tJiesc  points  the  pronephros  and  ineso* 
Depbros  resemble  each  other. 

Assuming  for  the  momi-nt  the  truth  of  this  fuggcation,  we 
find  ihd  pronephros  to  present  that  mtihod  of  developtucnt 
which  a  priori  we  arc  bound  to  animie  would  be  if  it  verc  not 
for  disturbing  cau.<es,  tlte  develuonuint  of  the  mfd4>iiephro«, 
beciiu«  il  reprcscnls  the  most  prouablc  method  by  which  the 
lDir*onephro>  and  ita  duct  can  have  nri>cn  in  phylo<{ciiy. 

The  qwsUou  oo<r  arifc*.  What  arc  Die  disturbing  cauao 
which  in  Ampbibiu  have  so  changed  tbfi  pliytogeiK^ttr  ilen-lop- 
uicut?  'l^e  answer  lias  already  been  given,  but  I  will  repeat  il 
here.  ]t  has  bem  brought  abool  by  the  action  of  riaturd  sclec- 
lK>n  on  the  innuni'^rablc  lanm  produced,  »o  thai  only  ihose  aoi- 
Rials  rraclR-d  the  ndult  .Hlatv  whirh  in  Utcir  piclaiTuI  and  larval 
development  coufonned  to  llic  type  of  developmenl  we  hare 
before  ns. 

Admitting  the  possibility  of  both  prcUrval  ns  well  a»  lartil 
di^rlupnient  varying  at  luiy  particular  xtagir,  the  tcjuli-ncy  has 
been  to  produce  a  difSJaiilarily  in  Uie  cariy  structure  of  the  ex- 
cretory urgans  of  Ri asm ii branch ii  and  Amphibia  greater  than 
that  which  eu^ts  in  the  iiduli  ulate,  a  result  eniin-ly  in  op)>o«ition 
to  alut  wp  shuultt  extxcl  from  the  apjilication  of  Uiat  principle 
which  lia»  breji  laid  down  a«  rcguhiliug  embryonic  developmenl, 
vin.  tlial  eiubryus  of  diffKreut  animals,  starting  as  fairly  otmilar, 
becoine  mure  and  more  dissimilar  as  their  development  proceeds. 

i'uget  any  actual  prouf  Iroineuibfyonic  dcvelupment  in  favour 
oi  the  above  hyi)oih»iit  must,  from  the  nature  of  the  case,  be 
Very  dif&cult.  rur  the  n-ry  reai^un  of  the  exUlcncc  of  the  pro< 
nejihros  as  an  anterior  part  of  llie  rxirrfUiry  xysleni  well  inarke<l 
oil  from  the  iioslcrior  makes  il  improbable  that  anything  more 
VOL.  XXI. »KW  SEIt.  >■   11 
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that  thoQZ^  perfectly  weQ  nnttsK  tbe  Rqairenuiils  oT  tlw 

it«  pocitMB  w  imsiubl''  (or  uc  nturfKtoijr  perfiamasec 
iU    fanctinn*   m  tb»  aiialt.     Batfoor  In*  inggHtcd*  ilul  tb 
tlropb;  of  Uie  proacptum  is  doe  to  Us  po^wm  n  tint  part  i 
the   wtdj  cavitjr  wbicii   evcntoaQy  bgcoiBw  the   perieaniiniii ;'' 
ud  Euj  pointed  oat,  u  a  confinntiao  of  this  view.  tbaX  it 
onlf  pcniMa  in  tbe  aidnlt  of  thoM  sninals  id  ofaich  it  is  coai- 
plctcU  sfaal  oflT  fran  tW  body  cavitj,  c^.  Tdeostei 

(Toe  ammuius  liu  wlikfa  tbe  pronephn*  aUsins  in  sidalt 
Tcleoatd  »  peeoliar,  bat,  eoaplirti  vith  the  Ranriablv  Seellf 
derdajwd  nwHorphrot  in  tbe  Rdiill,  is  not  utooiskiitE.  TV 
pronephros  leecns  rapttblc  of  csrr;ir.g  on  aQ  the  cxcrKar;  work 
in  some  adult  Tel<:i»(ei,  in  which  tin:  inc«Hicphra«  is  not  pntt  ' 
The  aWnM  of  tbe  mesooephros  in  these  cjse*  i»  probably  pot 
secandarjr,  and,  no  doubt,  traees  of  it  vonld  bt  fuand  if  a  d 
examinstiun  wen  made.  Th«  sarrival  of  a  UitsJ  Ghancter  into 
tbe  adult  itaie  is  paralVeled  bjt  Ihr  Axolotl'a  fplla.) 

A  second  fca(ure  of  difTrrence  brlwcen  lhi»  antniar  part  i 
the  Avian  txcntory  xj^tctn  and  ihe  Amphibian  prauepum,  : 
tbe  absence  in  the  formfr  of  a  Gootinnons  glomrTuliu.     ~~ 
may  be  aborfion  froin   disuse,  and  does  out  realljr  preaont 
serious  difilcultj. 

A  Uiinl  feature  o(  Jiffercnee  is  that  the  Aviis- 
extends  over  a  much  grratcr  area  than  that  of  the  L 
bat   nbea  1  draw  atlralion  to  llic  fact  limi  this  diderciice 
found  amonirst  the  various  niealios  of  lh«  Iclilhyopnda  then 
•rives,  I  think  it  can  hardly  be  looked  upon  as  a  dimRnily.     1. 
Teleosld   tlw  brsd-hidne^  is  distinguisDed  b;  one   pi^ritnues 
opening  and  a  corrc»|>'>Ddin^i/  »hoit  glonerolua.     From  this  ni 
have  all  stages  to  the  fire  prritoiical  openings  of  Petrooiyzuu. 

Pinallr.  even  if  the  Avian  prouepliro^  did  dilfcr  in  ccrtaii 
featuR-ti  from  the  IcIilhyopniiUii  pronephruN,  this  cnn  hardlj  he 
reffardnl  as  a  serious  diflicully. 

The   proDe]>broR   of  T«leoslei   vilh  its  Malpighiao  cajaulj 
conlaining  Ihe  isolatpd  glomcroluF,  and  with  its  one  pentouv 
ojwninit,  surrljr  diffns  conMdvrablj  from  tliv  pmnephros  of 
friig  with  its  tlir<«  peritoonl  openings  and  its  glomerulus  Iji 
free  in  the  bodj  cavity. 

AgsiD.  wilh'iut  Uving  too  much  stress  u]mn  it,  t  point  to  tl 
[irooephrofl  n(  Ujuar,  wliiufa  diHers  elill  mure  runarkabty  fmt 
that  of  other  t)-|ie». 

llie  ilillieultjr  pn-^'nited  hf  the  I1lai>inobnu>chti,  in  which  tl 
tubulrs,  (hough  rvlaiiuiig  crrtain  jiriwitive  ftralures  of  devcloj 
meut,  do  not  develop  in  continuilv  wilh  the    ' 
and  in  tlie  presGOt  statu  of  nut  knowledge 
<  '  Com]).  EnlvTOlugi,'  toL  iL 
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iilatiiljon,  rouiHled  ud  fscU  of  tkvelnpmeiit,  can  l>a  givco  of  it. 
will  *U)ig<-!<l  A  po.isible,  but  eiitirelj'  roagh  and  hfiiothclical, 
Duluiioii  (III  ihc  lines  so  far  fullowed. 

Ccforc  Ibc  Elafmobraiichii  produci-d  c^gs  with  the  liirg<!  Toad 
jolk  tbrjr  at  (irvscnt  |Kii>ai.-»)),  Ibcjr  majr  have  undergone  a  largo 

IinK  of  their  derelopinent  iu  Uk  surrounding  medium  as  free 
arvK.  TiveM  larvte  ratut  Itave  left  tlie  t^  at  a  time  vhen 
the  ciTilies  of  the  uiuacle  platei*  were  slill  open  to  ihc  body 
c<tvilT,  and  when  the  so);niratal  duct  had  onlf  just  commtDced 
Iu  1)1-  formri)  in  front,  ami  before  thr  dcvciopiucnt  ot  tliu  vaxcular 
I'Vi'ti'tn,  .ind  tliiTrfon*  Man  Uie  glomerulus,  iImj  functions  of 
which  vi-re  proliablj'  curried  on  b;  the  walb  of  Ibo  I»hIi  cavilf. 
Itie  antoierital  dud  was  quickly  dev<:taped  from  a  groore  iiito  a 
duel,  U>c  Jarvn  thus  preoociouil;'  developing  a  r<%enlly  acquired 
udult  structure^  Willi  thi«  cuDstituiion  Ihu  Inrvn  of  the  anoes- 
tral  BIm  mob  ranch  iiuicidy  drvdope*!  ilu^  r<'*t  of  it*  eicretory 
njslem.  In  couM-i(m'.tice  cf  ihi:  larva  hjiviDg  been  hntrbed  at  a 
very  primitive  stage,  before  the  musclu  pklcs  were  separated 
from  tlie  body  cavity,  ceitaiii  priuiiuve  characters  in  the  develop- 
uieut  of  the  aegmental  tubes  were  retained,  l^icse  cbaractera 
have  been  mor«  or  less  tmnsmiltcd  to  ;ha  preaeut  day,  this 
liuving  been  ren'lerctl  )K)«»iblc  by  tlic  ac(]ui«ilton  of  food  yolk 
and  nbolitiou  of  Uic  lurval  yiiite. 

Iluwcvrr  this  may  be,  and  it  is  tueleas  now  t«  make  hypo* 
theses  of  tbiit  kind,  we  can  only  wait  till  a  mure  cUiae  study  of 
KUsroobranch  dcTclopmcnt  has  been  made  to  see  if  any  tracer 
call  be  found  of  the  disturbing  cause  which  has  produced  tbe 
modificulion  in  tbe  develapmcot  of  the  cicrrtory  Msttrai  OMumcd 
on  the  above  hypolhexis,  aud  very  |>oasibly  iu  tlic  search  uloitg 
tlie  lines  which  this  hypothesis  indicates  quitea  ditferent  view  as 
to  tbe  phjlogeny  of  the  vertebrate  excretory  system  may  pre- 
sent itself. 

Before  concluding  1  will  briefly  stat«  what  I  tbiiik  to  have 
been  (he  structure  of  the  primitiTe  excretory  system  in  tbv 
ancestrsl  Vcrlcbr>t«. 

Iliere  was  a  duct  occupying  tbe  posiLiou  of  the  segmeotal 
duct,  i.e.  at  the  dor^l  oulnr  angle  of  tbe  body  cavity,  at  tlie 
poiut  whore  the  latter  becomw  sqaralcd  from  the  cavities  of 
the  niucle  plate*.  TliLs  duct  opvnrd  in  each  se^imcDt  iato  the 
doraal  pan  of  tbr  body  cavity.     Oa  thr.  inuer  wall  of  (be  latter 

Croj^ctMl  on  each  side  a  vascular  ridge   formed  by  tlic  aurla. 
iebind,  tbe  segmental  daot  opened  into  the  cloaca. 
\h  differentiation  proceeded  tlie  rascular  aortic  ridge  became 
mori'  '  '  <  developed  opposite  csch  opening  of  the  segmental 

duct,  ..  : '  of  each  of  these  ttnlargcmeni!  became  succes- 

sifi-lf  cnclusetj  in  a  special  part  of  (he  body  cavity,  giving  rise 
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to  the  comrMOocmcnl  of  tlic  si-coiiilarjr  ^otncruii.  With  tl 
division  of  tlw  glomrtulii?  M-gitirntallv,  nud  nf  each  »ei;cneiil  ii( 
it  into  further  •Kondmry  giomcruli,  each  IjFiiig  in  a  speciatised 
part  of  the  bmir  cavity,  the  a|ipning3  of  tm  scf^i^nlal  doct 
began  to  fold  and  divide,  incomplRtelj  at  first,  into  s|ii-ctal  open- 
ings,  one  for  each  secomUry  glomerulus.  Finally,  ihtii  dlTttinn 
was  coni|>lcled,  and  ihc  si-gineutal  duct  communicated  by  > 
number  of  o|)euiiig«  in  each  sc^meat  K-itli  fprd.ill<cd  paMH  uf 
tbft  body  cavity  conluining  m  finrlion  of  the  oHfiiunl  nnrtic  nd;^^. 
The  spenalifed  parts  contiuitiut^  Iheae  gtoaierufi  being  vtill  o|)co 
to  the  body  carily,  and  the  gloraerali  being  still  all  distinctly 
attached  by  a  common  stalk  to  the  walla  of  the  body  cavity,  and 
the  iiilcinu'dialc  parts  of  the  original  continuous  ridg«  bavinj; 
GOmpli-tely  vaimhid,  nnw  Die  cnjisuU-s  rncto»itig  the  glonieTtili 
became  m<ire  and  more  cdmpletely  tnarked  off  from  the  body 
cavity.  The  0|>entng)i  putting  iliem  in  communication  nitb  Ihe 
wf^ental  duct  eloiignied  into  tubuW  uhicb  bccxme  coded,  and 
tho  glofflernli  themselves  gained  a  greater  independence  of  each 
other  by  a  development  of  intermediate  ti»nc. 

A  Iraee  of  the  oriKinal  sUte  of  things  has  descended  to  the 
present  time  in  the  pronephros,  wilh  it«  continuous  ^lomeruln^ 
opposite  the  «|>c'nin|c  of  tiic  segmental  duct,  and  placed  in  a 
f|>ectnlii>ed  prt  of  the  body  ravily.  Ditferencrs  in  sittucturr 
from  the  sup{>osied  primitive  dtate  of  things  have  of  course  arucu, 
iu  consequence  of  the  spectalisntion  of  the  proucphroa  as  tltc 
larval  excretory  organ. 

In  tlie  same  way  a  trace  of  Oic  division  of  the  primary 
glomeruli  into  primary,  ^rcondai^*,  kc,  j^Uimtruli,  is  Irft 
in  the  curious  development  of  the  external  glnoicruli  of  the 
anterior  part  of  the  Avian  mowiiephroe.  Oidy  in  this  case  no 
cauM  can  apparently  be  given  for  the  retention  of  this  primitive 
feature  of  development. 

An  examinnliDU  of  an  early  stage  in  the  development  uf  the 
Avian    WolRiin    luhule*,    when    tlic   primary   and   mcm  ' 
tubules  are  both  fairly  well  establiiheii,  but  not  very  r' 
catt-d   in   slrncture,  points   very  diiitiiietiy  to  the   fact   that  i 
glomeruli  of  the  two  tubules  are  pans  of  one  primitive  glon 
mlus.     They  appear  to  be   cintinuoii!),  and    while  one    hmki' 
vculrally,  i.e.  tlie  yo-callnl  primary  gtomenihis,  the  other  look 
diiraally.     A  glaniM  at  the  nccom|)aDying  wooilcnt  will 
this  clear. 

[f  this  drawing  of  a  section  Ibmuirh  the  Wolffian  bod*  nf  a 
chick  in  a  juirl  with  primary'  and  ti  ■  <1 

with  fig.  il,  which  IS  from  the  a^'.<  k 

where  thi-n:  are  nit  secondary  tuhuluj  it  nilj  he  snat  that  liie 
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■tep  bctwcvn  llicm  is  Dot  great,'     II  is  merely  necessary  to 

'stip(xi.se  the  division  of  the  glomerulus  (in  fig.  24)    into  two 

parts,  and  a  simnltancous  dcrclopmcnt  of  certain  folds  from  tho 


w.d. 


WotfEun  duct    to  form  the  tubutca,  and   the  original  »iaglft  i 
tubule  woald  hare  been  traoiformed   into  a   ventral    {iric 
and  a  dorsal  secondary  tubule. 

Farther,  as  I  have  {lointcd  out  iu  another  jiapcr,*  the  secon- 
dary tubule  alway.4  arises  in  dose  proximity,  ap))aietilly  tromj 
a  blastema  continuous  ffith  a  part  of  that   from   wbicli  the' 
primary  tubule  arose. 

A  modification  of  devclopmnit  is  to  be  expected,  because  in 
ihoM  animals  in  which  the  mc^oncpliros  dc^'cluin  after  hatching, 
it  clearly  comes  grnduaUy  into  ii»e.  The  whole  is  not  wanted 
at  once,  but  with  th«  iiicr<-n>in^  tiix«  of  the  larva,  more  tubules 
■  are  wanted.  The  first  devdiiited  (imroary)  ia  Salamaodra 
'acquire  a  structure  with  which  they  can  apparently  perform 
their  function  when  there  ia  hardly  a  trace  of  the  secondary 
tnbule*  (^iirbringer.  loc.  cit.,  Bg.  iQ). 

<  It  will  l)«  oburred  tliat  la  llin  flgat«  IIm  tubule  00Bueatb{;  tiia, 
tVolfiaa  JuM  aiiil  cnpsiilo  Is  hsnJIy  il«-r«li>|«<).  In  all  jirobiibiliiy,  tki»  win 
on  tl'i'  annlt-71  of  IW  pToaeplirm,  Uie  priMJiive  state  a(  iKir.trf,  ihe  liibolt^ 
beJii;.'  '^7  diffcti'iition  of  liii-  ilnct  anu  cB«b  KloniL'ralui' 

'  ■  ■:    ,         .(tn.  Micr.  Sci.,'  AM,  IMI). 
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A  cauM  of  nbttTcviatiun  is  so  clear  in  thia  case  tlial  I  nerd  oqI 
waste  time  id  Btating  it. 

But  tlic  vhole  details  of  <ti€  dcveloptni-nt  of  the  McoDditry, 
&c,,  doruRl  tubule*  iK-cds  rcwirking.  for,  witli  the  rxcrntioD  of 
llic  obwnation  of  Jlr.  ISitlfuiir'!'  fwr  ElMiiiobraailK,  wr  hare  na 
rml  knowledge  of  tlicir exact  mtthudof  ilcvrEupin^Mit.  Tliereaull 
of  »»cli  iiii  iiiveAtigalioD  canuot  but  bv  exceedingly  interestit 
from  n  pbylogenctic  standpoint, 

I  canuot  iK-lp  tbinking,  ns  before  stated,  that  the  drvelopnenf 
of  the  cxlrriinl  gluincruU  in  the  chick  may  hire  some  iDt«rc«t  in 
this  relation. 

The  modification  of  the  tnF8oii<>))hroa  of  the  Amniota  is,  on 
tlie  jibove  fav po thesis,  duo  to  (he  fact  that  ttomc  Avian  aDCf^slorl 
possemed  a  lurva  iii  which  tlic  nntifriur  part  of  Ibc  cxcrrtur/l 
):y»leui  wa4  carljr  developed,  thr  dcvrlopmcnt  of  tliu  hinder  part 
being  dererrcsl,  and  cori»i?(|uenlIy  mudified,  ja«t  a>  wc  see  to  Iwj 
the  ca»e  now  in  tho  Ichthjopsida. 

The  still  greater  modiGealton  and  retardation  of  the  devclop^l 
went  of  the  mHam-plirus  or  tm«  kidney  of  the  Amniota,  and 
the  great  size  which  the  Wolffiiin  budy  reaches  in  tlw  embryo, 
are  striking  fact*  wliich  demand  consideration  in  any  diMnwiou 
uf  the  Vertebrate  excretory  avHtein. 

Id  my  paper  on  the  "rVvclopment  of  the  Kidney"  I  have  stated 
my  views  on  the  relation  of  the  Amniote  kidney  to  the  ute«aue- 
phros.     But  one  point  in  thai  pnper  is  left  untouched, 

VThj  does  thu  kidney  ajiiteiir  so  late  ?  and  alw  wby  does  the 
Woltftan  body  become  to  large  and  complex — so  much  largcrJ 
tliun  the  small-sized  chickf,  in  which  it  is  fully  dcvetujied,  catil 
need? 

And,  fuitlier,  why  vliould  this  organ,  apparently  so  well 
adapt«d  to  serve  as  the  excretory  organ  of  the  adult  cbick, 
atrophy  'f 

It  luay  be  taid,  in  answer  to  tli«  latter  qucstiun,  that  onljrl 
those  tubules  of  the  mrsoitephros   which  opt-n  into  the  cIoiu.-al 
iiii) I' pendent ly  of  the  WollUnn  ilnct  can  function  in  the  sdnll,  aal 
those  which  have  not  so  cbaUKeil   their  rourst^  would  interfer 
with  the  fnnetiun  which  the  Wulfilan  duct  later  acquires — tb« 
eairiagfi  of  semen. 

It  seems  to  mc  (hnl  the  only  answer  whidi  cut  b«  gimi 
tbe  first  af  the»c  questions  is  ibis  : 

The  kidney  i^■  tlirnwti  buck  in   <'■  "it  for    the  aaina' 

reason  that   the  nic'opiphr-is  ff  lli*  n    i.,  vtr.  beirauaej 

llif  aocr^'tiir  (il  tbi  '>Ub 

i,r  111,-  I  "u,  at  whic!'  -iiij^ 

,  iliii  nut  interfere  with  Ihi;  excrrtory  fuo<  the 

Vi fuiiiju  tubnlcs,  or  viet  r*r*J.     The  Urge  WJte  of  f m-  w.imat 
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pliKw,  then,  is  to  he  explained  oo  the  suppotitiDii  that  tlie  larra 
of  1)h-  chick's  ancestor  used  it  for  a  coii»i<lprablv  prriotl  of  its 
«arl^  htf  as  an  rxcrrton*  urgnit,  »>  lliait  it  innjr  W  »til  tliat  Uiu 
nronephros  holdn  the  Mine  general  fdation  to  tlia  mei)one])hro» 
ID  llie  [<!hthyup»i<la  as  does  the  memoGphtos  to  the  metane- 
jihroa  in  the  Amniota. 

1  do  not  mmn  to  affino  that  Uii;  abore  cxplanalion  of  the 
lateness  oftho  dwciopmcnt  of  the  coL-lniirphm*  i>  iibvolutety 
vahd,  for  1  think  thai  a  cardfut  cunsidcrmiion  of  the  devcl»p- 
rnent  of  th<:  hind  |iart  of  thv  lueoonofihriM  in  Amphibia  and  K1h»- 
iiiiibrauchii  uiit:ht  neccssiUt*  a  slishlU  diffcrciil  i-ijiUualion. 

lluC  an  cxuliuinlion  of  that  kind  muMt  bv  nought  In  cxiddiin  tlio 
rvtuarkablf  Intc  dwiliipiiicnt  in  the  chick  of  an  otgnn  which 
phylogvncticnily  uiu>'l  btt  iusumcd  tu  hare  lud  an  origin  vitngl- 
laiirous  with  thai  of  ihv  ucitonepUrov. 

With  rr^arii  to  tJie  rdatioii  which  the  testes  enters  into  with 
the  meM>nephro«,  it  is  interr^tiu^  to  ootiee  ihc  luudified  devctop- 
mc«t  which  atwnv  chincH-ri'trs  ihiit  oonucolion. 

llvTi!  it  cnii  \n;  dtliriitvly  iitiirmeol  that  (he  Iat«nera  and  conse* 
i)uenL  inodiriciition  uf  the  procesi  is  due  to  the  fact  thai  the 
appimilu*  has  not  bt  en  requirtid  in  the  lan'ie  of  the  lehlhvop^ida 
ujid  of  the  Amniotfi  ancestors,  and  cotis««|UcntIf  baa  been  put  otT 
anil  iDotlitied  in  doTelr>pincat.  TIh-  explnnatioit  is  cxacllj  similar  to 
that  given  for  the  mwHliiuUiou  in  devrlopmcnt  of  the  Amphibian 
mesoncphros,  except  thill  here  ne  are  nuppo.Hed  to  be  able  to 
wtsert  with  greater  reason  thai  Ihe  putUD^  c^  and  cunitcqaent 
modiBcalioR  i»  doe  to  the  fact  tliat  the  ootmcction  betwMiii  the 
testes  and  meaooepbros  was  not  wanted  sooner^  and  so  was  uut 
developed. 

SitmMaiy  of  lAt  Uypo/Aetit  and  nMfw  4rg«mci>U  lued. 

The  whole  of  the  Vertebrate  excretory  sjflem,  including  pro- 
nephros, me«oiiep)iro»,  and  iii('tanephn»,  are  drrtved  from  a 
pninilirc  organ  puswned  bj  the  ancestral  Ve>l*-brnle.  This 
organ  hail  a  sr^mental  character,  and  consistrd  of  a  duel,  Ihe 
segmental  duct  opciiin^  in  every  nrpmcnt  into  the  body  nivily, 
dose  to  a  continaous  alrocUirr,  known  now  art  the  glomerulus, 
which  was  placed  cloM  to  the  main  vascular  cliannuls  and  acted 
as  an  e.\creliiry  or^an. 

The  uitenur  end  iif  this  organ  was  used  bjr  the  hirrs,  and 
deTclooinc  more  or  less  with  re^rd  to  other  siruct«r<:«  at  ihc 
normal  tunc,  retained  many  primitive  fcalum  of  development 
oriKiuaUy  charncterining  thr  wliiili-.  orgun,  niul  i»  known  to  us  as 
ihi'  proneiihrnj,  Tlie  posterior  pitrl  of  tlw  organ  had  its  develop- 
ment delayed  with  regard  to  oLlier  s(rudar«a,  (larlicularly  those 
in  conDcoliou  with  which  it  primitively  developed  ;  the  develop- 
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meut  vas  consequently  inodifinl.    1'hu  part  »  Icnovn  lo 
the  mi-EODcphros. 

The  Bnmc  tivnolhais  was  applied  to  acGonnt  for  tfae  ri4arda> 
tioii  and  modiUcation  of  l)i«  dcveioptncut  of  the  ntctauephratt 
with  regard  lo  the  meMiKpImH  in  the  Amniota. 

The  miin  fxcts  in  favour  of  the  hjrjiotbefu  sre — 

1.  'Ilie  derelopment  of  the  segmental  tubes  in  Klasmobranclli. 
Bnd  of  the  jtronephros  and  M^meuta!  duci  of  the  Icfathyo{wiida  m» 
parts  of  the  body  ciivttjr. 

2.  Tbu  obvioiu  modification  in  dcvelopmcot  of  tfae  noBO- 
ncphrox,  cccomitanying  alw  tliu  pruseooc  of  a  ptonepbroa  in 
mo»t  nf  the  Icbthyopsida.  > 

S,  The  resemblsiiee  in  stmclore  between  the  pronepltro*  atid 
tnesooepbrofi,  particular  ttress  being  laid  on  the  fact  that  fit , 
yloMfrulm  in  Mi  gUmdt  U  Jeveuped  M  aaatomatUif  eor, 
tp^Htiing,  i.  <■-  i^mohgou$,  pari*  vf  Ike  hodf  cavity 

I  maj  point  out  bvfuni  Wving  the  »ubieet  tliat  other  views  ooo- 
ccmiuK  tbenatureof  the  pronephros  have  becuexpn-MMl  by  Gegvo- 
baur,  F'urbringcr,'  and  Balfour.'  'ilie  two  former  authorx  lixik 
ufMn  the  pronephros  as  having  an  antiquity  greUer  than  that 
^'iTtebraUrs,  greater  even  than  that  of  the  seffmeiited  ajioeaio 
of  Vertebrates.  Thr.y  rrgartl  it  as  bctag  deweoded  from  tlte^ 
primitive  exerrlory  »j»t«n  pouemed  oj  U»  unscgmenteil 
wiccetor,  which  has  been  retained  io  »nck  fomu  as  Tutbellaria 
and  Rotifern,  the  segmented  posterior  part  turiag  been  added 
when  the  segmented  state  was  reached. 

J/iiVAfM*  Duet. 

Balfoor's  views  as  to  the  phylogeny  of  tbe  Uiilleriaii  iliid 
and  its  homology  throughout  the  Vertehrata  an  well  known. 
He  supposes  it  is  one  or,  in  tbe  ehick,  more  of  the  head-kidney 
opening  which  have  become  modified  for  generalivv  purpomca. 

I  «Ul]  adhere  to  the  view  expressed  in  the  paper  i>n  the 
"  Rodiioeittary  Head- Kidney  of  the  Chick  "  as  lo  the  meaning 
uf  the  peculiar  slructam  at  tbe  anterior  end  of  the  Miitlerian 
dart,  and  1  tbiuk  tlint  there  arc  grounds,  which  it  is  not  ueceasary 
to  enter  into  here,  for  *upj>u«iog  that  the  nbiKmiinul  opening  o 
upenings  nf  the  Jil iilleriati  duet  have  been  derived  from  tb< 
aitlcrior  part  of  the  escretury  system  afler  ita  moiliflcation  to 
form  the  pronephros,  iiut  I  quite  admit  that  a  fuller  kouw 
ledge  of  the  eaily  devrlopment  of  the  Elasnofa  ranch  segmenUl 
duct  may  necessitate  an  aiteraliou  Jn  this  Tiow, 

*  Loo-til. 

'  lUUoar  Imks  npco  it  u  Uie  mwl  prunilive  part  uf  llw  excnttorj 

,T-> — •  -i'-r4i  hai  been  itiaiunl  hj  Uie  larva,  as  to  oiuit  anmlnJ   

icT  llicj  liare  been  ImI  I17  <lie  aJttiL    'Cwnipir»tife  ~ 
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Oberktations  01  ti«  Cbamal  Nbkvbs  of  Scxhuvu.  By  A. 
MiLMSs  MAiL^uiLL,  iM.A.,  D.Sc.,  Profr«Hir  of  Zoologr  in 
Owi-ns  Coll4-gc;  and  W.  Daldwin  Spk^ckk,  uf  Owens 
College.     (Willi  rialcXXVil.) 

pAKt  I.  2!**  PreaudUoiy  Ncnet. 

Tub  iDTCctigatioiifi  rcconleil  hrre  vert  unilertakcn  in  Uiv  first 
ioRtancc  for  thr  puriinnR  of  coiitroUin)^  cermin  delctminiiliaiii* 
pulilishcil  by  one  of  us  in  a  jimvioua  naiuber  of  iliia  joitrDnl' 
cviurcniitig  the  cnoial  tti'ives  of  Elasmobrauclifi.  To  Ibis  I'lid 
we  bave  carefully  rc-exauiinod  tbc  >p<.-ciiiirii3  upon  llic  ioTCBtiga- 
tion  of  which  tliv  fonocr  nccuunl  niLi  bascc),  nn<l  luvr,  in  addi- 
tion, mAtlr  a  lar^i-  iiumber  of  iKw  prcparitions,  iltuMnling  mori: 
n>|ipcinljy  the.  bitirr  stngi^s  of  dcielopment — stages  u  to  Q  »f 
ILilfour*!)  iKittK'iiclaturr.' 

Uunrig  tbe  cmine  of  our  work  so  many  altofrether  new  and 
mieipi>ctt:d  points  were  brought  to  ligbt,  that  wu  toon  found  it 
ueccwtary  to  widen  conflidcrably  ibu  acoiw  and  liintl^  of  our  in- 
vcsligations,  and  have  liiially  l>M-n  led  to  atlcinpt  a  complete 
acconni  of  ibi*  drvcluptiicnl  of  tbe  cranial  lutrvcji  fruui  ftiigr  k  to 
the  aduU  form,  ii>i<)  to  etidcavuut  in  tbia  way  to  coniietrt  to^etber 
diri-clly  tbtj  iM««unts  previously  given  of  the  early  Mages'  with 
the  d»oriplioii3  of  the  nervex  uf  adult  Elnamohraucba  published 
by  Slanniuti,*  Gegcnbaur,'  and  other  anatonii^it*.* 

Owing  to  defcclivc  xupply  of  niaierialf,  our  oWrvaliona  oa 
the  stages  tarlicr  tluui  K  Die  too  fragmentary  to  be  reliable ;  tbis 
vc  jirvfttiy  rei^ri-l,  i:iii!>niuch  as  many  features  in  the  early  stages 
ari!vf  cslieme  iiujiuttaiice,  and  wuuld  veil  rc|>ay  tborongb  in- 
Teatigalion. 

lu  tbe  prcseitl  paper  vc  pru)>i»R  to  oonflue  ourwlve*  to  tho 
eonsidt mtion  of  tbe  prenutlitory  herve.-<,  re»erving  the  pu^taudi- 
lory,  n  bid)  pr(,-«.-nt  many  features  of  peculiar  intereal,  far  u 
raluc  occasion. 

'  Uanlull.  "Od  llie  HmJ  OtfilJes  and  Auoeialed  KerttscJ  ELunie- 
bnatehi,**  'tiuart.  Joum.  Uict.  SoiV  Ja>i-<  ISBl,  pp.  il  uj.  Future 
referencea  will  be  lo  this  paper  iialet*  oUierwbo  tfwdBcd. 

*  BtasMobnnch  bbn,  pp.  79  u"!  hO. 

*  Balfuur,  op.  ril.     ilnnliall,  lo&  dl. 

<  &UIUUU1.  '  Dob  {letiplicriKbe  KerrcMfiUaa  dcr  Kulie,'  Rostock, 
tS49 

*  G<Kr«>>*ur,  "Hie  Kopfntrvcu  ran  Uciaaehm,"  *]cnalacbe  &iU 
td.rif(.'  tW.  ri. 

*  Stfi.  jBFfctKiu  Had  Clarkf.  "Il*  Ciaoiai  N««vci  of  BehM^tiamt 
i/iunrut,"  'Jiwful  of  Anatomj/  vol.  x. 


no  mut.   MILXB*  HAH«ilAtL  AHO  W.  B.  «rBNCS». 

Oar  invcsUgalKniB  luire  been  cunductMl  tlmoM  exclDnvdjr  bjr 
nutans  of  »eclioD«  of  hardened  eialiryoa  of  SrjfUium,  and,  at  oo 
fornirr  occa!ii<>ii«,  we  bave  found  a  mixture  of  chromic  and  osmic 
iiottLi  t>ut>cnor  to  anv  other  hartlrDing  a^rnt.  For  the  ajH'ciincns 
from  vhich  our  tx-^t  prriMratioiw  hnvc  brrn  nwlc  wc  arr  indebted 
to  the  courU-sy  of  tlw  manni^ra  of  the  Soiithport  Ai^uorium ;  our 
beat  thank*  are  aiao  due  to  Mr.  A.  J.  Mo»!t,  of  0«ena  CaUrae, 
for  hi*  gift  of  a  fine  apecimra  of  MusUltu,  aa  veil  aa  for  TiinaBls 
uMbtance  in  connivtJon  with  the  literature  of  onr  aubjevt. 

The  Third  (Oculomotor)  Nerre.  — Wc  do  not  propoar  to  deal  in 
the  prevent  pujier  wilh  <-ith<-r  the  olfoictory  nr  0|ttic  iktvcj*,  ina*- 
much  u»  tiie  former  has  been  almdjr  fulljr  described,'  while  con- 
cerning the  latter  ire  have  nothing  new  to  communicate;  we 
therefore  commence  with  the  third  or  oculomotor  nerve. 

Concerning  the  development  of  thit  nerre  wc  have  very  liltlc 
to  add  to  the  account  givitn  in  the  |in|irr  aircinJy  n-ft-rrrd  to.» 
At  aluge  I.  it  arises  from  the  baoe  of  ihi^  mid  brain,  nut  far  from 
the  mid  ventral  line,  b^  a  large  po^iertor  ganglionic  roo4  and  by 
aeveral  smaller  anterior  onca  clearly  diatinguiahcd  from  th« 
former  by  ))o»:<eK<itig  no  ganglion  cells.  The  nerve  itself  runs 
bnckwanl»  as  a  long  alentler  stem  to  the  interval  betwevn  the 
(ir*t  and  wcoml  htad  CHvitie*  (fig.  11  o.,  lit),  wlurr  it  eijiiandB 
into  a  ganglionic  aweliin;;  fUg.  11,0.  c.y.)  vedgrd  in  betmvn 
the  to|n  of  the  two  cavitica.  Prom  thb  gangliua  the  two 
main  branches  of  the  thii\1  arise;  of  these  the  upper  one  (fig. 
15,  lu  4),  at  a  rnllier  later  »tngc,  supplies  the  reciua  u^etvir 
and  ree^tM  i%Urmu  muscles,  whiht  tne  lower  one  (6g.  15, 
III  e)  runs  down  behind  the  reetuB  inferior,  and  ends  in  the 
oUiqnua  in/er /cr  muscle  (fig.  15,D.t.).  Atati^^  K,  at  which  onr 
obaervations  commence,  the  third  nerve  has  the  same  point  of  origin 
and  the  aamc  relation  to  the  head  cavities ;  it  Jitfers  ffuni  the 
condition  deicnhcd  above  ctiielly  in  not  possessing  anterior 
jion-gnuglionic  roots,  and  in  not  having  its  terminal  branches 
fully  developed.  At  stipes  later  than  N  the  nerve  seisms  to  arise 
from  the  base  of  the  iniu  brain  by  a  single  Urge  ganglionic  root, 
no  smaller  no »■  ganglionic  ones  being  visible  (fig.  It,  ui), 
though  at  stage  N  itself  tticy  are  very  prominent  (fig.  13,  inj. 

IJcsidcs  tie  branches  of  the  third  Derve,  mentioned  above, 
there  are  two  others  in  direct  connection  with  the  ganglionc.;.  .- 
of  these  the  first,  at  stage  i.  (fig.  1 1  o.,  jV.  i-.).  is  a  short  nerve, 
which  lies  along  the  top  of  the  second  head  cavity  and  servcsi  to 


'  U&rsbBl!,  "  MopiilioloKf  of  Vorlcbfutc  Olfnclnn  Organ,"  'Quatt.J 
urn.  Micr.  Sci..*  Jalj,  lS79.  pp.  "  ■" 


Jouni.  Micr.  Sci..'  Jaly,  1^(0.  pp.  3UU  tt^. 
*  Msniisll,  loc.  cit.i  vyi.  79  "*'/. 
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connect  directly  ihc  ganglion  e.  g.  of  ihc  third  nerve  with  the 
GasMTian  ganglion  at  the  root  of  the  lifth. 

Thu  Mcoiit)  (f!g!<.  10,  11,  niifl  12,  n)  pusses  straight  forward 
froin  the  ean)(lion  e.g.,  ruoniiig  through  the  vails  of  the  ilrxt  hi'ud 
cuvilv  unaer  the  reclas  superior  and  rectui  inttrnus,  and  through 
th«  substance  of  tht  Fchrolic  on  the  inner  surface-  of  the  c^e- 
balL  Pll)>^ing  oat  from  tlx-  orbit,  imme.dintirly  above  the  ohliquita 
-inferior,  il  >lill  {lurMaes  itn  cnume  .straight  forwNrd,  but  liecoinrs 
mora  vupcrticial.  In  the  earlier  stages  it  croii.^eii  the  root  of  the 
ol£ictorj  Dcrvc,  with  which  it  la-a  in  very  close  contact:  in 
the  btcr  lUEca  (6g«.  H  and  13,  »)  it  is,  rather  more  doraally 
»tuaf cd,  ADd  then  cm!'*''!'  tli«  onhtlwlniic  brunchw  of  the  fifib  and 
fcvcnlh  nerves  at  a  considerabli^  angle  (Hg.  12,  k),  and  riids  in 
the  skin  at  the  extreme  fore  part  of  the  head.  After  careful  and 
repeated  examination  wc  have  f^iiled  to  delect  any  branch  given 
off  from  the  nrrvr  at  any  point  of  its  length. 

At  «lage  K  all  the  above- mi-ntioticd  braiiche*  of  the  third 
iwrve  are  developed,  except  the  upper  branch,  to  the  r«tlua 
tmperioT  and  rectut  intemu*,  which  we  have  failed  to  detect: 
the  ganglion  c^.  \»  very  CDi»ipicuous,  and  the  nerves  N.e.  and  N^. 
have  the  Mine  struclurr  and  coiiin'ctioiis  aa  at  stage  N,  the 
latter  of  tlie  two  alntching  forward  to  the  extreme  anterior 
part  of  the  head,  in  the  skin  of  which  it  eiid«. 

In  the  later  stages  the  inodilications  which  the  third  nerve 
undergoes  are  merely  ones  of  detail,  all  the  principal  branches  of 
tliencrvc  being  already  established,  and  maiutaining  their  relations  j 
practically  unalli-ntd  in  tlii?  aduli.  The  most  important  chang<«  I 
concern  tjie  ganglion  e^, ;  thiK,  which  at  stngca  K  and  l  i»  a 
largo  prominent  swelling  (tig.  10,  e.g.),  in  the  later  stages 
becomes  far  less  coorpicuous,  and  the  ganglionic  cells,  inati-ad 
of  being  concentrated  at  one  spot,  occur  iu  small  scattered 
palchea  at  diifen'nt  [>arl»  of  the  nerve.  Thia  change  is  seen 
commencing  at  stage  N'  (Rg.  11,  e.g.),  where  the  ganglion  has 
divided  into  two  main  portions,  one  part  retaining  its  original 
position,  whilst  the  other  becomes  connected  with  the  nerve  JV. 
at  Mine  little  diatance  from  the  third  nerve ;  at  sl.'jge  o-P 
(tigs.  14  and  15)  gimglion  Cflls  appear  to  be  constantly  present 
at  two  well-marked  point*  in  the  course  of  the  third,  (Ij  whcra 
the  nerve  N.  is  given  off,  and  (^}  immediately  above  the  rectut 
tuptrior. 

At  stage)  K  and  I.  (fig.  10)  the  angle  between  the  nerves  N.c. 
and  N.  is  very  considerable,  and  thi!<  Increaocs  in  the  later  stages , 
so  much  that  at  stage  x  (fig.  11)  the  two  nerves  are  almost  at  right ' 
wiglu  to  one  another;  at  stages  Inter  than  this  tlie  nerve  TV. 
is   mncb  more  difficult   to  define,   whilst  owing  to  the  close 
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Srozimitjr  of  tbe  tliini  to  the  firih  otrvt-  it  is  only  with  extrca 
ifficiilty  that  tbe  nerve  A\  e.  can  be  dtstiiii^islipd  at  all. 
We  tiad,  tliererore,  ttut  the  m:iin  stem  nixl  the  brADches  lit 
and  lit  c  of  aUge  x  brcuaie  din-ctlj  ibe  nervet  which  have  th 
mate  course  and  reJalion«  in  the  adutt.  The  ganglion  e.g. 
comes  the  cilinrj  ganglion  of  the  idiUt.>  Ttie  nerved  H/.  &ai 
A.?,  beeome  tlirectl}  continuua*  with  one  anolher,  and  to(;el)i(T 
fonn  lh(^  nerve  known  aa  the  Ramta  opAtialmicus  Br-.-fan-iu*. 
The  diacus§ion  of  the  morphological  import  of  them-  tug  vnr 
romarkablr  nerves  we  postpoao  till  after  the  dc(M:ri{>tK>n  of  the 
liflh  and  seventh  nerve*, 


Th«  Fourth  (Pathfttje)  H«rT». — Cooorrning  Uie  development 
of  tlw  fourth  ntrvc  nu  description  hu  yet  appcnred,  and  tfaooKli 
ttOT  obwrwattoni  danot  jreiciable  us  to  give  a  complete  account, 
still,  so  &r  as  tbev  go,  imj  are  of  so  definite  a  character  that  we^ 
think  it  well  to  record  them  here  rather  than  wait  for  the  |m  ~ 
biliiv  of  coiiit>!eling  Ulcm  at  >iime  future  time. 
.  Tite  conthtiou  of  the  funuth  nirrve  nt  »lng<;  n  \t  veil  shown 
fif^ures  1 1  and  lA,  of  which  ilie  former  shows  tlte  greater  par 
of  its  course,  and  tbe  latter  its  root  of  imgin.  11ie  nerve  -. 
(tig.  IS,  iv)  from  the  doiaal  «urfiire  of  tbe  extreme 
border  of  the  mid-brain,  so  far  b^u-k  iiuleed  that  verjr 
Bianination  \»  neoeasnry  to  dcteriniiio  whether  its  onjctn 
realljr  fnm  mid  and  not  from  hiiiil- brain.  The  roota  of  the  tv 
nerves  are  in  clou  contact  on  the  doral  surface  of  the  bnun. 
J'rom  ita  root  the  nerve  runs  at  6T*t  alnioctt  dirrctljr  outwarda 
following  the  curvature  of  the  brain,  until  it  comes  to  li«  a  tk 
short  disuncc  hfluw  the  surfnot;  it  then  runs  baekvartls  an 
ddvnvBTds  OS  a  long,  straight,  ai>d  very  slender  ner* 
(Gg.  11,  IN),  whif^h  very  commonly  hraticfaes  early  iu  (( 
eour^e,  and  lerminutes  in  the  oWiiuta  tnptrwr  moaclc.  Jm 
htffore  ruirhiiig  the  mu9clv  (lig.  11)  the  fourth  nerve  rr 
the  ophthalmic  branches  of  the  fifth  aiut  aevenib  nerves  nt  rigt 
angles,  lying  at  a  slightly  deeper  level  than  those  m-rvts. 
alcQ  divide*  into  a  number  of  branches,  of  which  one  or  noF 
appear  to  become  connectei)  with  siinihu-  hranrlim  from 
uplithilmicbraiichof  tbe  fifth, tbercmaindi-Ti-i  '  <•  uh   ~ 

tnperiirr,  whilst  in  the  liter  Uages  (fig.  Id)    ■  i    ne 

oeeu  to  ooiDC  lulo  very  close  contact  with  the  two  oplillialuiic 
bnuicfan  Ihrmselve*  ol  the  fifth  and  seventh  nerves. 

It  will  be  fcca  from  the  atiove  description  that   Iho  ftwr 
nerve  has  by  stage  x  aoquiml  its  nilult  n'  '  ut  itiatribal 

and  at  ilMgtA  lue  (&g.  lb)  und  q  (fig.  J  i  il  ia  sbowo 

'   '  !..^f7,aMl8dt«*ltK,  "DMUuKltflnOnlamMaiiC 

•Jtv    .■ 
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tratiNTer-w  section,  it  is  stiU  the  same.  In  the  adult  its  «»urM>, 
like  ihat  of  tbc  oilier  nctrcs,  becomes  al(ci«d  owing  to  the 
varjini;  rat4»  of  growth  of  tho  brain,  tlti^  »kull,aiid  the  faoo; 
lh«ra|ii(l  growth  of  iWskul!  rvUtirely  lolkttnrthe  hraiii  causing 
the  fourth  nen'c  t^>  ruu  soini-  distanGe  forward  wiihiii  Die  bnin 
ciuw  hcfi>r«  |>assiii^  out,  when,  as  btforc  slal«d,  it  tuna  iniuie- 
dialely  heiiealh  and  in  rerj  cIum  conCact  wiUi  the  opbthatmic 
hranchn  of  llw  fifth  nnd  seventh  nrr%'c.  ■•  <  , 

In  Btt«m|>ltDg  to  trnee  tbi:  fourth  nenru  in  sliigc))  mrlirr  than 
H  wc  hiiv«  met  with  considerable  (lifllculties,  and  have  hitherto 
obtain«d  onlj  a  moderate  amount  of  sucoess.  At  m  the  reUtiona 
are  llie  *sme  as  at  n,  the  FK>ic  dilTerence  being  tliat  Ue  nen>e  ia 
more  sfftutrr  than  al  the  iater  tfags.  At  stage  l,  though  We  have 
eiamined  a  terj  considerable  number  of  i>|>feiiiien?  id  excellent 
btttolo^eal  prrsenalion,  we  have  as  yet  teeogniwd  Ihc  fourth 
ocTTC  ia  one  specimen  oaly>  and  even  io  that  one  not  wtlli  abso- 
lute nrtaintjr.  In  th«  specimen  in  question  the  nerve  has  lh« 
aaoM  position  and  relations  as  at  K,  but  i»  very  much  moK 
slender,  so  (hin,  in  fad,  ax  to  he  almost  unriyogtiisabio.  Earlier 
than  L  wc  have  fiiiled,  after  tho  most  careful  twurch,  to  find  aof 
trace  of  the  lierre. 

Though  oar  observations  are  iroperft^d  they  jvi  Mi-m  to  point 
to  oerlaiii  coDclasioDs  of  importance  touching  the  morjihology  of 
tbi*  important  nerve.  In  iW  first  pl>c«  the  fonrlh  nerve  is  the 
onlv  one  in  tbe  body  which,  in  the  adult,  arises  froni  l)ie  doraal 
surface  of  the  brain ;  tl  i*,  therefore,  of  great  importance  to  notice 
that  from  the  vm  earli<-»l  itiitfi:  nt  which  we  have  seen  it  the 
point  of  origin  is  that  of  the  adult  nt^rve.'  Inasmuch  as  ihc  ma- 
juritv  of  the  cranial  nerves,  aa  well  as  Ihc  dorsal  mots  of  tht 
Hpiuai  nerves,  ftiisi:  atjirtl  from  the  dorsal  surface  of  the  brain  or 
ftuinal  cord,  it  seems  naliinil  to  suggest  that  tho  foarih  nerve 
dilTers  from  all  the  n-st,  not  in  its  mode  of  origin,  but  in  tJte  fact 
that,  whilst  all  tji«  other  nerves  shift  Iheir  attachment  to  a  gmtcr 
or  less  c-x tent,  it  alone  pr^^erves  tbe  primitive  position  of  its  roots 
of  origin.  This  sliifung  of  the  roots  is,  in  part,*  due  to  the 
ipid  growth  of  the  dorsal  part  of  iho  brain  forcing  tho  roots  of 
be  two  side*  from  each  other;  aud  it  hocoincs  of  interest  to 
noUce  that  the  fourth  nerve  arises  from  n  portion  of  the  hraio 
wlicrc  this  rapid  grovtt)  of  the  roof  does  not  occur,  ami  where, 
coiiMqueittly,  one  cause  of  the  change  in  the  other  nerves  ia 
tlbaenl. 

Tbc  fact  that  tbe  direction  of  the  fourth  Derrc  is  at  first  at 
right  angles,  or  nearly  90,  to  the  axi»  of  tbe  part  of  the  be.id 

■  Balfour,  '  Klasmnhnneli  Viih«s,'  pn.  1G4  and  IDI. 
*  We  a;  "  in  part,"  Lcnuic  it  will  be  shown  furthtr  on  in  tkjs  paper 
;  aootlier  prueeis  oontributea  gteatlj  to  lUs  shiftily. 
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from  which  it  iai»t»  i«  of  Imporinncr,  m  *hnving  that  lfa(>  roorth 
nerve  oonM^  under  ibe  category  of  wgmenul  iifxTts ;'  and  iiu«- 
much  M  thi.-re  is  no  room  as  regards  visceral  archca  and  clefts  fur 
a  i^'^iurntal  nerve  bi-twoen  Uii-  tliird  and  fifth  the  fourtii  vuu!d 
probably  be  rigtitly  vicaed  a»  a  itcpant*^!  branch  of  the  Lbiid — 
tbc  011I7  ot)H-r  urrve  armDjc  from  the  mid  brain. 

On  the  other  band,  certain  other  fact*  in  connection  with  II14I 
fourth  nerve  cannot  be  explained  w  casilr.  Tfaa»,  8<^nieotal 
nerves  not  onlf  arifo  from  tli«  nrural  crert ;  they  aUo  anse  carlj, 
are  from  the  fit»t  Inrfw,  aixi  liuve  ({atiglia  ni  or  near  ilieir  rooi* 
Now,  m  far  a*  uur  ubiervations  go,  the  fnunh  m-rre,  ibnugh 
mav  poastbly  arise  from  the  neural  cteM,  wuuld  not  appear  Ui  ana 
eany,  and  ceitainlf  u  not  at  Gnt  a  lar^'e  ncrre,  beiuK  of  niadll 
greatersizcit  »tnge  or  (fig.  15)  thunHtflagrti  (fig.  II)  ;  wbiUt 
at  stage  L,  in  the  siugle  ^peciuirn  in  wliich  it  ha*  bcrn  delectni, 
it  in  a  nerve  of  extreme  iilenderneas ;  moreover,  at  no  part  of  it 
Ivnglh  have  ganglion  cells  been  fotind — an  important  jwist 
difiWenCY  from  segmciila)  nerve*. 

Anolbrr  curious  feaiure  conc-ming  the  fourth  nerve  it  that 
in  our  euibr}i>«,  it  appears  almiiii't  ounstaniW  to  iliviilr  cIom  l( 
its  rout  into  tiro  or  even  more  branches,  a»  i»  vrll  sliunn  in  fi^ 
11,  IV.  Thfse  again  subdivide  near  their  lenmnatioDs  (figs. 
11  and  15),  but  a/i  lAe  broHcMet,  vA^/ier  prit^ry  or  tecondtuy, 
am  dittriliuted  lo  lie  tuperwr  oilique  mxttla,  with  the  powill 
FXceutionofa  few  of  the  suisllcr  oi>r»,  nhich  Bp[)r«r  to  ima  t 
ophlliaimic  branch  of  the  fi^i.  We  wnuld  ouggint  ttint  ihij 
branching  ma;  )>i««ibl;  be  an  indication  of  the  fuurtli  vrrv^ 
having  previounlir  bail  a  more  extended  distributioD  than  it 
preoent  very  limitrd  o»«. 

On  the  whoie,  our  observaliotts  lend  u*  to  believe  that  tli 
fogrth  nerve  is  to  be  r«gsrded  »  a  »e[)aral«d  part  of  that  m^ 
DicDlal  nerve  of  vbtcb  Uic  third  nerve  forma  the  main  |tortJau. 
A  further  suggestion  concerning  the  fontth  nerve  wtU  be  tnada 
after  the  sevviilh  nerve  baa  bci-u  cuiuidcml. 

The  Fifth  (Trig«mL&*l)  Xerrt.— We  propom  to  consider  ae|M- 
ratelj'  tli«  roots  anil  the  branches. 

A.  Tie  roolt  of  origin. — ^The  rarljcrt  stagr  in  the  developme 
of  the  fifth  iwrve  Ibat  «e  propose  to  trrat  of  in  lb<^  prwent  pa^ 
\»  (hat  repre*pntrd  in  fig.  1,  taken  from  a  traiuvrne 
through  thir  hind  liraiii  of  an  embryo  at  a  stage  inter 
between  f  aitd  k,  t)ie  ulaue  of  section  pamBg  un  the  left 
through  the  roots  of  lac  trigeminal  (>}. 

As  shown  in  the  figure,  the  runf  of  tht'  hind  br«in  is 

'  Uanhail,    "  llorphulnn  nl  Otr.  Omaa,**   p.  318,    '  Quatt.  ia 
Mlw.SciVJuJy.lS70. 
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Ilin,  uid  \niise»  rather  abruptly  inlo  Ihc  mnch  Uiickcne<I  tiicf. 
Fo  the  top  of  Ibc  thickened  portion  the  Gflli  nutve  U  atiacbed 
bv  a  !oDg  slender  rout  (Gg.  1,V  a).  This  root  |iftsMs  down 
alongiidu  tlic  bnuii,  but  nnl  in  actoiil  conoedioD  with  it,  widen- 
ing cDn»d«nbly  na  it  does  so.  Ita  inner  border  follows  tbo 
curvature  of  the  brain  until  reaching  a  point  about  balf  way 
down  the  aides  of  tbc  neural  canal ;  it  then  turns  suddenly  out- 
wards, leaving  the  bmin  altogether,  and  formingi  a*!  it  does  so, 
a  very  conitpkcuous  blunt  iiroiection  (ng.  1,  v^),  which  i*  in 
lalher  closer  pro.\imity  to  the  brain  than  is  the  part  of  the  nerve 
umediately  above  it.  Tiic  trunk  of  the  nerve  tlicu  passes  out- 
and  downwatd«,  lying  just  henenlh  Ihc  aupcrficial  epiblaet, 
tween  it  and  the  outer  wall  of  thv  vecond  or  mandtbutur  livod 
rity  {6g.  ],  S).  The  whole  of  the  nerve,  includin|{  its  root, 
it  of  doaely-rackcd  spherical  or  polygoiul  cells,  which,  like 
rve  cells  in  toe  early  stages,  stain  very  deeply  with  oamic 
tdH,  and  differ  materinlly  in  appearance  from  the  mach  lesa 
!lo<cly  arranged  uiotobhst  cells. 

By  atagc  k  tlie  root  of  the  fifth  oerve  haa  uiiilergoiw  very 
emarkablc  changes;  as  shown  in  fig.  i,  tlie  dor^tai  allnolinient 
(fig.  1,  Va\  to  the  top  of  the  thickened  side  of  llic  hniin  has 
JtMp|>eareo  completely,  and  the  nerve  is  now  attaclicd  tu  the 
irain  at  a  point  about  half  way  down  the  side  (lig.  S,  v  (i),  i,  e. . 
ct  a  point  (xtuUg  tvrrtfpanding  It/  Ike  a»upie«otn  pnyec/ioit 
(fig.  I,  V  ^)  alreadt/ iltMrihtd  at  lie  earlier itcye.  lu)inc<lia(ely 
beyond  the  root  of  origin  the  nerve  enlarges  suddenly,  and  pre- 
•ents  a  distinct  dorsal  projection  at  the  haiw  of  the  secondary  root 
of  attachment.  Although  hitlterto  we  have  not  seconilary  iu 
following  all  the  intenncdiute  stages,  and  have  not  yet  obtained 
Mti«factoiy  preparations  of  tlie  stage*  earlier  than  that  drawn  in 
Br.  I,  yet  we  feel  juatiSed  tn  putting  forward  the  foUowiua  cx- 

Silanation  of  the  appearances  we  have  just  described,   reding 
or   our  justiltcatioR   partly    upou    (be    description   given    by 
'Jalfour,  and  »till  more  on  our  own  observations  on  the  dovelop- 
ent  of  the  roots  of  the  seventh  nerve,  which  will  he  described 
iniediately. 

Dalfour  has  desaibed  and  ligurcd  the  SfLli  nervo  as  arifing 
at  "stage  »,  near  the  anterior  end  of  the  bind  brain,  as  an 
ontgrowth  from  the  extreme  dur^^ul  summit  of  the  brain,  in 
fdcnticntly  the  vitine  way  as  tiie  dorsal  root  of  a  spinal  nerve."' 

Uc  lias  further  described'  bow,  by  the  grontli  of  the 
roof  of  the  brain,  the  nerves  of  the  two  sides,  which  a(  first 
are  in  contact  dorsally,  shift  their  position  and  become  widely 
ate.      Uis  dtscnptiuu»  and  our  own  somewhat  frdgmentary 


'  Op.  eit..  p.  191,  aod  11  XIV,  fig.  9. 

» Op.  di.,  p.  inc. 
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ofapemtiana  on  UtoM  tUgu,  whn  eooaidned  ta  ecmiuetuni 
witb  OOF  auwh  note  ooaplcie  torica  of  obaenatiaiu  oo  tb 
avranUi  nore,  lesTe  bo  room  Tor  doabt  that  the  loot  of  otipa 
{f  m)  abowB  is  %.  1  b  the  priiiuu7  root,  lh«  one  wliidi  at 
atagv  G  wu  BJtoatcd  at  tbe  top  of  tbe  bnia,  u<l  iHneli  W 
aaqniral  Hs  pnacnt  pontioa  mm;  in  ooaMqnenee  of  Uw  ttfii 
growth  of  tw  roof  of  (he  bnin  pnsliiiig  ill  two  Uteral  lutni 
ifMvt,  uul  to  inwntiBg  Ibe  roots  of  tlw  lums. 

OiuieemiBg  lae  root  of  attochaart  (V  p)  shown  at  itm  x  m 
fl^.S  there  is  BOieroon  for  dispnte.  BiUbarappeustohi&^lkat 
tin  fmAtt  change  ■»  pocition  ti  duo  to  th«  mm  osuo  ta  the 
toraier  ooe^  >. «.  to  growth  of  the  roof  uf  the  brain  ;  bat  thta  «• 
|)hBBtioa,  wtifle  it  would  foUr  account  for  the  BnA  change,  wooU 
in  no  way  tnnlain  such  a  ■hifttns  of  the  root  down  tke  Hdcluned 
■idei  of  the  Drmin,  as  ia  cleadjr  aeen  to  have  oocmmd  oo  eoaa- 
pniBg  Bg.  8  with  Ag.  1.  We  balievc  that  what  rtdljr  hn|^ieiia 
la  that  about  the  commcnocmrat  of  stagv  k  Uie  owe  ncqniTaa  a 
new  and  scoondarj  oonnection  with  thi^  brain  at  the  pwnt  (r  ^ 
opposite  the  {iraieetion  almdr  noticed,  that  the  primarj'  attaab- 
ment  (v  a)  is  tint,  end  that  the  part  ot  the  mm  tefi  above  liie 
aecondimr  root  ruidljr  dimini^hea  and  ullimatel;  diaamevn 
attogctfa^,  the  slight  dorsal  projedtion  alreadj  noticed  in  Ig.  8 
Vitig  tibe  ia*t  nduMnt  of  it.  At  oar  argumenta  in  aapport  of 
this  riew  depend  almost  cntuc);  on  our  own  obRcmtiaiw  an  the 
derelopmnnt  of  the  roots  of  the  re%-mth  ucrrc,  we  poa^ooo 
further  ranadcration  of  the  point  till  a  later  portion  of  thil 
paper. 

At  the  commencement  of  stage  k  then,  the  filth  nem  niaa 
•boat  half  ««/  up  the  aides  of  the  hind  bnin  bj  a  single  lain 
root  in  which  gai^licn  eeUa  are  aboudaut,  and  oDpoatc  to  wlnHi 
Ihero  is  a  w<£-iuirked  external  bnlgins  of  toe  walls  of  iht 
brain  ;*  bejroad  this  not  the  turre  expands  auddcfd;  into  a  mj 
argB  etnghonic  swdling,  the  foturv  Gaaaenan  gan^Uooi. 

Berore  the  dose  of  stage  k  additional  root*  appear  t  a  lang;, 
alendcr  proeeaa  rnns  n)rward  From  the  sntcrior-superMr  angle  ol 
the  Uasseriaa  ganglioni  and  become*  conoKtvil  with  llw  Dnm 
•ome  distanoo  io  mint  of  the  main  root :  in  additton  lo  wUch 
one,  two,  or  more  root*  of  a  similar  kind  appanr  in  inteHMdiata 
^uaJJooa. 

IVse  anterior  roota  of  the  llflh  uerrc  are   well  shown   at 
the  next  stage  (l)  b  fig.  1 0,  v  ^,  which  ^lowa  that  tlic  Sflfa  Berra 
at  this  time  arises  from  ibe  orain  hj  three  distiool  roots, 
which  tlic  |K)stcnor  one  is  much  the  U^csL,  and  is  the  nogf 
root  (v  fi)  of  flg.  3,  whflo  the   two    anlctiiff   alouer 
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f^glionic  roots  are  the  n«w  oiio.  We  haveatudJMl  these  rooU 
ver7  eurefulty,  but  have  boeii  unable  to  dctarmiDe  with  certunt; 
whether  thef  are  oatgroirltu  from  tbe  brain  to  meet  thn  b&d- 
alioii,  or  from  tbe  ganglion  toiranb  the  brain ;  our  obtervitioiu, 
however,  thougli  incoiiciasiTC,  tend  very  strongljr  lowarda  tbe 
latter  of  tbe  two  alti-rnativcs.  It  has  also  occurmi  to  ix$  that 
thew  new  root^  na;  poesibly  be  tbe  original  primiLrv  root  of 
origin  (V  a,  %.  1),  wnioh,  aft^r  losing  ita  original  atiachincjit, 
has  acquired  a  n«w  one  lower  down ;  faowsvcr,  though  the  dates 
of  Iho  diaapiHtarance  of  v  «  and  appearaaee  of  v  7  agree  fairly 
well  vith  this  lij^pothcsis,  ire  have  ;et  no  actual  obseirationi 
in  it»  favour,  iind  do  not  wi«h  to  lay  ititM  upon  it. 

Th»«  anterior  roola  whii'.b,  duriug  stage  l,  may  be  three  or 
more  in  numbiT,  appear  in  the  Inter  .itage*  to  be  very  conatantly 
fednced  to  two,  one  of  vhich  is  the  mort  anterior  of  the  original 
not»  while  tbe  other  nppcaxa  to  be  formed  by  the  faai<m  of  the 
{n(«nnediatv  ones.  Tliiit  condition  at  rtage  v  ia  well  shown  in 
flg.  II,  V  -v.  At  a  irtage  between  o  ana  p  (fig.  li,  v  -y)  they 
nre  rather  let*  o(»ispi«aou9  owing  to  the  interriJ  b<*ween  tben 
and  the  secondary  root  (v  (i)  being  fllkd  up  by  iteuM  tiMue. 
They  are  clearly  recogniaabte  in  the  adutt^  and  form,  as  will  be 
noticed  more  fully  mtthcr  on,  the  first  or  antator  root  of  the 
fifth  nerve  of  n>otomitt«. 

«.  TAe  hvMcAa  <>/  Iht  Ji/lh  ■^n'tf.— The  Ossserian  ganglion 
is,  from  itH  llrat  af)peaTa nee,  wedged  in  between  the  ilorMl  ends  of 
the  second  and  third  head  cavities  in  tbe  same  manner  as  w  the 
ciliary  gangtion  betwnm  the  first  and  second  (fig.  ]  I).  From  the 
Ga^scrian  ganglion,  at  stag*:  k,  two  nerves  arise ;  of  theae,  one, 
which  rum  etnight  down  bctwren  the  second  and  third  head 
oavitiee,  and  tben  along  the  anterior  border  of  the  maudjbolar 
groh  in  fnxA  of  the  ventral  portion  of  the  cavity  in  the  latter, 
is  the  mandibular  bnnch,  ana  from  this,  a  considerable  distaoce 
below  tbe  ganglion,  0  amiU  iiutcrior  branch — the  maxiUary 
nerve— is  given  off.  llie  second  bmiich  from  tbe  Oasseriaii 
gingKon  ansea  hom  ita  anterior  inferior  angle,  rtms  along  the 
lop  of  the  first  bead  cavity  and  joins  the  ciliary  ganglioo ;  it  is 
tbe  oommnnicatbB  bnncfi  between  the  fifth  and  thM  nerves 
already  meBtioneo,  and  form:>  the  proxImBl  part  of  the  ramiu 
ofktialaticvt  pff/HttiiHg  of  Koolomista- 

At  stage  L  a  slender  bnu>ch  arises  from  the  anterior  superior 
angle  of  th«  Gasserian  ganglion;  this  is  tbe  ophthalmic  branch 
of  the  fifth  (fig.  1(1,  V  a)  which  runs  forward  throng  the  orbit 
dorsad  of  all  the  eye  muscles,  giving  eff  branches  t«  the  neigh- 
booring  parts  bi  its  course  mid  terminating  in  the  »kin  of  the 
fore  part  of  the  head.  One  ether  nerrc  iu  connection  with  tbe 
Bftb  remaiu  to  be  noticed :  ttiis  ia  the  consecling   branch 
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(y^.,  lig.  10)  between  the  fifth  and  seventh  nerves :  Uiii  If 
pRKat  at  K,  at  which  stagt  m  well  as  &t  l,  it  (onas  t  'ntj 
aUmt,  though  vbori  ncrvv,  nmnint;  ronranl  and  downwanla  fna 
the  aevciith  norve,  over  the  top  of  the  third  Itod  cavily,  to  yxn 
tiifi  lower  part  of  the  Oai»erinn  ganglioa. 

Th«  braDcfao  of  the  fifth  nerve  at  stage  n  arc  veU  Men  ia 
figa,  11  and  12  which  have  been  cooatmcted  so  that  each  of 
UicoB  mar  show  tlwt  whole  oonrsc  and  distribution  of  octtain  oerra; 
the  outlioea  of  the  fieoKa  were  drawn,  with  the  cameis,  (roni 
iadirldoal  sectignt  and  the  tHraDobes  of  the  seteral  nerrea  care- 
fullj  filled  in,  again  hj  the  aid  of  th«  camera,  from  other  aectjoni 
of  thn  sanic  scries.  In  this  way  such  a  view  of  the  nerve 
[a  obtained  as  might  be  got  from  a  transparent  embryo  in  which 
th*  narm  alone  stood  out  as  opaijne  objects.  To  prevtst  oon* 
fusion,  from  the  oTerlanping  of  diflcrent  nerves,  two  figorea 
Itnvc  b(Yu  ftivcn  of  which  the  first  (fig.  II)  shows  the  roota  of 
rUie  fifth  and  scvnitli,  the  connections  of  these  with  one  anotlwr 
and  wilh  the  Uiird  m-rvc,  the  brancbea  of  (he  latter  and  of  the 
fiftli,  the  fourth  uerve,  and  some  of  the  branches  of  tiie  aeruUh ; 
in  the  second  (fig.  IS]  the  remaining  bruiches  of  the  seventh, 
wilh  certain  of  tlic  glossophaiTDgeat,  are  shown,  and  in  addition 
to  tlHiac,  the  wliole  coune  of  the  oplitlulmics. 
The  bnutche*  of  the  fifth  nerve  ate  seen  to  be  the  following : 
1.  Tlw  ophthalinic  branch,  (v  a)  which  arisea  b;  a  slighUr 
angliomc  root,  runs  forward  over  the  obfi^uat  »ajperi»  («.  t.), 
rsruasing,  as  it  does  so,  the  fourth  nerve  at  rigu  anglea  and 
giving  off  bianobea,  tome  of  which  appear  to  be  oonneMed  i 
kefoorth, 

S.  The  communicating  branch  ( AV)  between  the  Oaaaerian  null 
ciliary  guigli'i  the  position  and  relations  of  which  nam  ate 
inlBcienllj  well  shown  in  the  fl(;ure.  We  r<-«erTe  the  dtscossimi 
gf  this  branfib,  merelv  nutieing  here  that,  thongh  we  deMiibe  it 
irith  the  fifth  nerve,  it  appears  to  bdong  to  the  third  quite  aa 
^mach  as  to  the  Utter. 

3,  The  main  atem  of  tbe  flfUi,  rnnning  down  behind  tfao  Gnt 
lieaJ  cavitj  (1)  and  the  reetmt  trtentu*,  receiving  the  comiauni- 
ating  branch  {N.e.')  from  the  seventh,  and  after  passing  down* 
rards  and  forwards  for  some  distance,  dividing  into  twu 
bnncbn,  (a)  an  anterior  or  maiillarv  nene  (v  b)  which  again 
jivea  off  numerous  branches  to  the  sltin  of  the  iipprr  J!iw,  ojid 
()  a  posterior  or  mandibuhir  (v  r)  which  runs  tnckwards  and, 
owuwards,  Ijiiig  in  close  contact  witli  the  outer  wall  nf  (he 
lower  part  of  tiie  mandibular  head  ravitj'  (S),  and  supi^riag  it 
villi  branches.  The  dtstributioB  of  ganglion  cells  is  anlticii^j 
abown  in  tbe  figure ;  there  ia  a  small  ^ouglinu  at  l1<  '  tbc^ 

«]>btliahBie   mam,  and  the  ganglion  cells  of  tbt 
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extend  Bomc  lilUo  disUnoc  beyoDil  the  point  of  juuctiou  with  tlie 
commanicBliiig  biancli  from  ibe  BevenUi. 

Ill  figs.  14  aiid  15  wmc  of  theie  branches  {va,vA,Ve) 
an;  seen  nt  a  stage  between  o  and  p  :  eixccjit  that  the  roolA  of 
T  and  vn  aie  macb  more  cltKiHy  ajiproiimalcd,  there  ia  no 
dlBereoce  of  impoilancc  between  this  sUge  and  the  earlier  one 
which  wo  bare  more  full}'  described.  We  have  trac«d  all  these 
ncnres  uu  to  wlut  is  prMtioallr  tlie  adult  condition,  and  have 
identified  them  vith  Ibe  branches  bearing  the  same  names  iii 
the  adult.  Our  observations  fihow  that  in  the  fifth,  as  in  the 
third  nerve,  all  the  main  branches  of  the  adult  nerve  are  falljr 
established  by  stage  l,  and  that  the  after  changes  arc  comparatively 
nniinpoitaiit. 
The  Seventh,  or  Facial  Nerve 

A.  Tie  rwU  o/arigm. — Fig.  i  repreaenU  a  tnUOTtne  seetloil 
tlirough  the  roots  of  origin  of  the  seventh  nerve  of  an  cmbTyo 
between  stages  i  aod  k,  the  same,  in  fact,  of  which  fig.  ]  repre- 
sents the  root*  of  the  fifth  qctsk.  The  two  nerves  (vti)  are 
seen  to  arise  from  the  r.xtTcme  domi  summit  of  the  bind  brain, 
the  roots  of  origin  of  the  two  nerves  {vna)  being  conlinuaus 
with  one  anotlur  across  ihe  loji  of  the  brain.  K  will  also  he 
noticed,  va.  contrasted  with  figure  L,  that  the  twu  ^Ak*  of  the 
bind  brain  are  close  together,  both  above  and  below,  and  that 
the  cavity  of  the  hiud  brain  is  a  mure  vertical  slit ;  that,  in  fact, 
the  growth  of  the  roof  of  the  brain,  which  we  Imre  seen  is  the 
first  cause  of  the  «e|)aration  of  the  rootx  of  the  riTlli,  has  not  yet 
commenced  in  the  part  of  the  brain  from  which  the  seventh 
Dctves  arise.  The  section  further  shows  that  the  oene  on  eilher 
aide  extends  down  as  a  somewtuit  club-shaped  mass  of  eom|iRCt{y 
axraoged  polygonal  cells  lying  betw«-n  the  external  rpiblast  and 
the  neural  canal,  but  distinct  from  both,  its  renlrnl  end  luviug  a 

cndcncy  to  |>ssh  to  the  outer  side  of  the  thir<l  head  cavity  (fig. 

I, '),  jiisl  as  the  fifth  nerve  passed  to  the  outer  side  of  the 
ond  cavity  (%.  1, '). 
.  llie  next  stage  is  represented  in  fig,  3,  a  section  through  the 
hind  brain  and  roots  of  the  seventh  nenK  of  an  embryo  of  stage 
K,  of  the  same  uge,  though  not  from  the  same  sj>ecim('n  as  tig. 
4.  Tbe  figure  shows  that  very  important  changes  have  occurred; 
the  roof  of  the  hind  brain  has  grown  rapidly  and  considerably, 
90  as  to  separate  widely  the  two  primary  roots  of  the  seventh 
nerves  (vu  «).  On  tbe  right  side  only  this  dorsal  primary  root 
is  seen,  but  on  live  left  side  a  considerable  portion  of  Ihe  nerve 
ia  sliDwn,  »nd  it  is  seen  tAat,  ia  addition  i-j  lie  primary  root 
(\ii  n),  vriicA  it  iliH  prettni,  lie  neree  ha*  aajuimd  a  nem  or 
trrondary  root  (vu  0),  aloiU  Half  way  tloieii  tAe  ttdet  t^  ike 
(train.     Botli  roots  of  attschmuni  are  perfcctiv  clear  and  uninis- 
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Ukthle,  wUie  bctveen  them  tho  nerre  taA  tnsn  He 
tinct  from  oik  ano(hor,  and  KmnAxA  bj  ta  appnttlUe 

If  llg.  8,  iboring  the  oonaition  of  the  not  uf  Urn 
ocrrii  at  stage  x,  be  oompared  viUi  Og.  1,  ahoviBg  tfaa  not  if 
Ike  ftfth  nenra  at  a  ntbet  cutier  atam,  it  wil)  be  was  at  «an 
that  Uwe  u  a  nrj  eloM  nacoiUsBce  Dctwwo  tin  two ;  Ikt  ali 
pnint  of  (lifrnmoc  bnag  that  in  fig.  1,  tlun|rii  the  nam  tfl 
ratalni  ito  |)rimarj  aUAcfiment,  tlic  wcoiwiuT  Oaa  not  yeg  hMi 
adualljr  nniuiml.  lUlfna/v  Itgiim  and  dMeripHm,  akaJf 
nferrrd  Id,  »Iiow  that  &(  a  irtill  «arlter  atage  tbc  fiAii  aen»  la 
suetl)'  tlio  tBHU)  apjiraranGe  anil  relations  wbidi  the  aeiutb  kaa 
b  Hr.  ij  t  and  it  ti  mainly  on  this  Eact,  coaplcd  wtth  the  doae 
timilaritr  between  >u^  apocitni;!!*  u  tboM  represented  ia  l».  I 
and  'A,  (Kat  wc  rrly  id  supjiurt  of  thi!  «t|>latiatioii  n  bire  gm 
kbnvr  r>r  the  dirvelopin«nt  of  the  root  of  the  fifth  nerre. 

Inasmuch  as  fif».  1  and  2  arc  taken  from  the  samp  eaabfjB,  It 
trould  annn  thsl  tiic  nnh  nerre  appcan  bcfbra  Ibe  •emUi.  aad 
(SfdofiDX  the  fJirlicr  )ilia»ea  of  dfirelopfflctit.jast  one  itage  alaaJ 
of  il  In  JeTrlo|Kn«it.  At  a  tiine  (Hg.  1)  when  the  piutn^  nwts 
of  (h«  Hnh  have  already  bceoine  widely  •epanlcd  by  growth 
of  tbf!  Iimin-mof,  onil  (tie  secoodaij  attarUmciil  (r  i))  b  en  the 

Eoliit  of  beiiiK  acqutnrd,  tlw  two  seventh  n^rres  (flg.  S)  are  rtQl 
1  eonlnrt  wiln  oDc  another  actou  tbr  top  of  the  nnexpaiuU 
hrain>roafi  and  at  ita^c  K  the  seventh  nerve  (fig.  S)  b  is 
csftctly  the  *amc  condition  nn  the  fifth  nt  the  end  of  rtage  i 

(Bk-  1). 

Oar  obtcnratMiu  ap|war,  therefore,  to  prove  eondasivety  that 
ns  c»Ti»Tn»  the  seventh  nerve,  while  tbr  chan;^  of  posittDn  of 
the  doTRsI  or  primary  root  (rti  u)  is  dae  t^My  to  n[Md  growth  of 
the  roof  of  Ine  limm,  the  lower  or  vriitral  root  (vu  0)  a  n  new 
and  purely  teoondsry  nttachmrnt. 

V>  liiLit  ihaM  ratiillM  concerning  the  nwts  of  the  seventh  an, 
we  believe,  new  as  njiplietl  to  Klannohranrlu,  thry  are  in  perfect 
accordance  with  tbc  account  previonsly  givrn  by  one.  of  ti<  of  the 
devela|nnenl  of  Ibc  Mvrnth  ncrvr  in  the  cluck,  in  which  the 
very  sanM  lerii's  of  changes— (ho  leparatiun  of  tbc  ptimuj 
not*  by  growth  of  the  bnun^roof,  and  Ibe  acqniring  uf  new  or 
sccondnry  ronta — am  ahown  to  occur  in  a  iitrdiely  MmiLar  uuut- 
oer,'  Tl>e  close  corrwiwiidcnce  be4wEcn  ti«»c  two  rrrt  ilifTmiiil 
lypci  nf  vertJ^mta*  is  of  much  interest,  [utrtty  n-  -to 

nonfirm  the  correotneis  of  the  accouiil,  and  parllj  '  id{> 

■  UanUI,   "  l>**»lni>  At  OnnisJ  NicvM  ia  Otuek,"  •  ^uart.  Juhik. 
Jlier.Sd..'  Jan 
TV  TimtioUiii:  'fcondaty  AtU<iinKnt  nt  Ih*  nsrw 

I     ■  ■    .     '  'Ti'  'u  i^rthw  iamtiK*tiiio  Ui  I  ■  ■  1  in 

Id  (Iw  chick,  i»  now  caniiletdy 


I 
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thai  thi*  cmiotu  tbifliDg  of  th«  n«rve  not*,  Uiougb  cleuly  a 
dunge  of  a  Kooosduy  nature,  mart  yti  have  t)«en  acquired  vtry 
enrlj  by  V«t*brat«<. 

'aui  later  stages  of  dcrclopment  of  the.  root^i  of  tbe  nevcnth 
aUo  preMJit  potDta  of  ercat  interest.  Fig.  fi  rej)resi!tit4  a  tran»' 
rcnti  scctiDH  throtu^b  tno  n>ots  of  the  seventh  nerve  of  tbe  9am« 
embrj-o  of  itoge  s,  of  whicti  Gg.  &  shows  the  roots  of  v.  IIh 
•erenlb  n<!rve  i!i  !>een  to  ritw  on  citber  dide  by  two  root«,  one 
~vn  a)  tnm  tbe  t«{>  of  tbe  nAt»  of  the  bnin  at  tbe  junction  of 


the  thickened  iid^  vith  tbe  thin  roof,  while  the  other  (vn  &) 
uiwa  about  half  way  clown  the  aides  of  the  bram.  Between  tlie 
two  roots  the  nerve  if:  in  contact  villi  the  brain,  but  ajppareotly 
iMt  aonmeettd  »ifi  it.  Vfc  linre  tnicetl  the  tnteniicdiat«  steps 
between  ffg^.  9  and  ft,  and  find  tliat  tV  upper  root  (vil  «)  of 
fig.  tl  is  the  original  dorsal  or  primary  root,  and  the  lower  oiw 
(vii  /3)  tbe  aeooudary  root  of  fig.  3.  In  other  words,  there  ia 
an  imporiaat  difference  between  the  fifth  and  the  sevcnUi, 
itunmncA  <h  i'k  ti^  formtt  the  primary  root  ii  loii  and  tit 
teeovdary  al^ne  re/iinetl,  leiiht  in  tie  Intlcr  hoik  primary  and 
teciiiiarii  rood  art  retained  up  io  ttuge  s,  and,  indeed,  as  w* 
tiaif  «w  immediately,  tArovghovt  life.  "Itie  diiferencc  between 
the  root*  of  the  fifth  and  eeventb  nerves  just  notiet-d,  does  not 
occur  in  the  ease  of  tbe  diick,  in  which  the  primary  root  of  the 
seventh  is  lost  as  completely  as  is  that  of  the  fifth  in  ISIasmo- 
hrancbs.' 

Tliis  shining  of  the  roota  of  origin  and  acquiring  of  a 
secondary  connection  with  (be  aides  of  the  brain  is  not  oonfiued 
totbe  eranttl  nerves.  It  has  ah-cady  been  shown  to  occur  in  the 
posterior  roots  of  tbe  spinal  nerres  of  the  chick,'  and  oecur»  also 
m  the  posterior  roots  of  tbe  spinal  nerves  of  Elaamobranchs. 
It  is  a  point  of  much  intercft  to  note  that  the  soentli  nerve,  in 
the  retention  of  it»  primary  as  well  as  its  wcondary  root,  U  nat 
tnly  more  primitite  than  tM  fifth,  hat  more  primitief  nfn  (kan 
tMeimiiul  lurvfs. 

The  condition  of  the  root8  of  the  so-cnth  at  stasc  o  is  »hown 
in  the  lefl  hand  side  of  fig.  9,  representing  lialf  of  a  transverse 
section  through  the  hind  brain  and  roots  of  origin  of  this  nerve. 
The  two  roots,  the  primary  (ytl  a)  and  the  secondary  (m  P), 
are  even  more  distinct  than  at  tlie  earlier  stams.  The  primary 
root  {vxi  a)  nriscs  as  before  from  the  tnp  of  me  thiokeued  jido 
of  the  hind  brain  just  before  its  Junction  with  the  thin  roof: 
from  this  origin  th«  root  runs  downward,  alongside  of,  and 
closely  applied  to  tbe  brain,  but  onconncctcd  with  it,  to  join  the 

>  MualiaU,  •  Quart.  Joura.  Uicr.  Sn.,'  Jan.,  1S7S.  iip.  14  kad  Sfi. 
'  ManliaU,  "  Do  tkc  £«rl;  Stwa  of  l>oKlopioeiit  of  tbe  Nme*  m 
EMm,"  •Ivamivt  Aaalomy,'  voTxi,  1877. 
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secondary  root  {vn  fi).  This  IaU«r  U  now  sitaaled  stilJ 
to  tho  ventral  suihcc  than  at  lU  &nt  Dupcnranci:,  the  distasa 
betTi.-co  tlic  two  root*  being  Goiisiclerabljr  gr«at«r  than  at  \he 
earlier  stages,  as  is  evident  rnm  a  comparison  of  fig.  9  wh 
fig.  tl.  The  tvo  roota  also  differ  hiatologicaUy,  tite  dorsal  or 
primajy  root  conaisting  aluoist  entiraly  of  elotqptcd  fasifonn 
cells,  vbibt  the  ventral  toot  (vti  f3}  is  matoljr  ctunpoeed  at 
spherical  gimglioii  cells. 

This  veailral  root,  at  ata^e  o,  ham,  as  Hhown  in  Uie  Rgurr,  two 
distinct  &ttachin«nl.i  to  the  brain,  one  just  bdow  the  other, 
is  shown  in  longitudinal  and  vcrlieal  section  at  staige  n 
fig.  II,  where  tho  brain  presents  opposite  to  its  point  of  oi 
an  external  bulging  preciMljr  similar  to  that  oppottilc  to 
secondary  root  of  tlie  SfUi  (v  0).  The  dorsal  or  primary  noi 
(vii  a)  is  shown  at  the  sanw  stage  in  fig.  12. 

In  fig.  11  the  two  toots  of  tbc  sevcntii  arc  seen  in  longiin- 
dinal  and  veitictl  section,  at  an  age  inlcrmudiatc  between  stages 
o  aud  p.  TIk  donal  root  (vn  a)  arises  very  far  up  tb«  Mrs 
of  the  brain,  in  fact,  as  in  the  earlier  stages,  from  toe  jundioa 
of  nde  and  roof ;  it  is  of  considerable  len^b,  is  widely  separated 
from  the  aeconJurv  ruol,  and  hIjU  consists  mainly  of  fusirom 
cHls ;  lite  secondary  or  vciilml  root,  which  is  overlaid  and  olinoit 
conccjileJ  by  the  primat)-  root,  is  only  s«eB  ID  part,  its  nott 
anterior  jiortiou  alone  being  visible. 

The  dorsal  or  primary  root  is  also  well  shown  at  tbe  mob 
stagu  in  fig.  \b. 

B.  Gmtpariton  of  tAe  emirj/ome  rooU  of  lAe  fifth  and  iemli 
nerve*  wUk  lAote  of  tie  aduU. — It  will  be  convenient  here 
brielly  !iunniinri*e  our  rmults  concerning  the  roots  of  origin 
the  fiftii  and  seventh  nerves,  and  to  trace  their  changes  op 
tbe  adult  form. 

About  the  close  of  stage  i  the  fifth  nerve  (fig.  1)  stilt  ret 
its  primary  atlacfameut  (v  a)  to  tbc  brain,  and  is  on  thtr  poii 
of  aciuiring  its  secondary  one  (v  /{):  owing  to  the  erowlh 

tile  roof  of  the  brain  the  two    primary  roots,  which  •tnn  

Qrst  oontinDoaa  acfoas  the  top  of  the   braio,  are  no*  widely 
separate.    Tbe  seventh  nerve  (fig.  2)  arises  by  its  primary  roc 
from  the  dorsal  summit  of  the  bmin,  whose  roof  at  this  puis 
has  not  yet  commeneed  its  rapid  growth,  so  that  tlie  nerves ' 
the  two  sides  are  still  directly  continuous  vitb  out  anotbe 
Uirre  is  u  yet  no  trace  of  the  secondary  root  uf  the  sevcntli. 

At  stHgc  iL  the  fifth  nerve  (fig.  4)  has  ccnjilrtely  In^t  rj 
primary  rout  ami  in  now  aUni:hed  to  tbr  hrai^ 
rwit  III. HIP  (v  fi)\  a  A\^\\X    trace  nf  the  farm>:  , 

n  small  t|«m>l  prpjoction  on  tbe  nqrvD  just  beyond  tb«  nx4  < 
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slLicbsu-nt.  Towards  the  dose  of  stage  k,  the  tcrliai^-  or  anlcrior 
roots  liive  appcart^l,  arisiti^  altuost  cerlainlj  as  outgroirths  of 
tile  ganglioii  towards  the  brain ;  but  wbctlter  these  are  altoeetber 
new  cIi-vctopmFnt»  or  iiicielf  new  iutacliinent«  of  the  primary 
root  if  uiiccrlAin.  The  aeveitth  uerve  (fig.  3]  i»  in  the  suae 
oondition  lu  (he  fifth  at  ihe  prcccdii^; stage;  it  is  now  attached 
b]'  both  primary  and  secondary  roots,  the  former,  owing  to 
the  growth  of  the  brniii-roof,  being  widely  separate  from  one 
another. 

At  stage  X  the  condition  of  the  roota  U  much  the  same  as  tt 
i1m!  end  of  stage  k.  'llic  fifth  nciTe  (ligs.  5  and  11}  U  alluchcd 
by  its  secondary  and  tciliary  roots,  tho  latter  being  \ety  con- 
stantly two  in  number,  of  which  tbu  anterior  is  the  larger  and 
attached  to  the  br»in  some  distance  in  front  of  the  secondary 
root  (v  tl),  lie  seventh  nerve  (figs.  G,  1 1  and  -12)  is  attach^ 
by  both  primary  and  secondary  roots,  tho  uerre  between  tJie 
two  being  in  contact,  bat  not  iii  count- ction  with  the  brain ;  the 
^ccoDdary  root  (fljj.  11}  i»  dirided  into  an  anterior  or  facial,  and 
.1  posterior  or  auditory  division. 

At  riiige  o  (G^.  a  and  9)  the  chief  diir<-rences  are — first, 
tlmt,  owing  to  increbsed  growth  of  the  bmii),  Uie  distance 
between  the  primary  and  Mcondorj  roots  of  the  seventh  nerve  is 
much  greater  than  before ;  secondly,  that  the  roots  of  the  fifth 
and  seventh  nerves,  which,  from  the  firtt,  have  been  quite  indc- 
prudriit  of  one  another,  arc  now  situated  much  closer  together 
liiai)  they  were  at  the  earlier  stages. 

At  stage  o-F  (fig.  1  tj  the  two  roots  of  the  seventh  (vii  a  and 
VII 0)  are  still  further  apart  from  one  another,  but  are  now  very 
Io.m;  to  those  of  the  tifib.     The  connection  b<;lween  the  two 

rves  which  «c  have  already  »cen  is  fully  establtAhed  at  stage  X, 
and  wbkh  is  ahowii  at  stage  l  in  fig,  10  (iV.c',)  and  at  stwe  x  in 
fig.  11  (AV.),  is,  by  stage  o-r,  very  much  more  cxtcnaive  and 
intimate  than  previously.  The  roots  of  the  nerves  are  still  quite 
diatind  from  one  another  (fig.  1 1],  but  iromediately  beyond 
these  roots  the  two  nerves  become  so  closely  and  extensively 
united  together  that  i(  is  impossible  to  draw  a  line  of  s^aration 
between  ttieni.  The  connection  is  rendered  still  more  intimate 
by  the  crowing  of  one  of  the  branehes  of  the  seventh,  as  will  be 
described  fully  later  on,  over  the  main  stem  of  the  fiftji,  so  as  to 
lir  in  front  cf  the  branches  of  this  ocrvf. 

The  condition  of  the  roots,  as  of  Ihe  branches,  of  the  fifth  and 
wvcnth  ncnn  ut  .■tageCKPdiircn  hut  littht  from  that  of  the  adult, 
be  sole  change  a!  importance  as  concerns  the  roots  being  that 
ventral  roots  (v  8  and  ^ii  f3)  approach  still  closer  together, 
Hd  come  into  actunl  oonLict. 

The  primitive  distinctueaa,  gradual  apiiroximalton,  and  nltt> 
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mate  mon  or  1cm  wmpleta  taaon  at  the  roots  of  the  fifth  ud 
I  KTCDth  U  of  great  mtm«t>  w  proving  that  tlic  fusion  of  lh»r 
two  nerves,  vo  cfaancteristie  of  Pisces  and  Amphibia,  is  a  utm^lr 
Ktoniary  feature,  and  that  the  two  are  at  fir^t  as  indcpcnaest  nV 
one  another  in  thc»c  forms  as  thej  arc  throughonl  life  in  (he 
higher  Yertcbmtcs. 

In  adult  £tn»iiobranch>  th«  combinnl  roots  of  tlie  Sftb  uit 
sMTCDth  nerrca  am  uauallj  desoibeil  together,  and  the  detcrtj! 
tionn  of  (lifTvrent  obserren,  though  not  quite  in  harmony  wit 
one  another  in  certain  details,  j^et  agree  mrly  well  on  the  mais 
poinla.     i^lannias,  whose  descriptions  arc  the  most  elabnnte, 
aeseribe*  the  coinbineil  flfth  anil  seventh  ucrres  as  arinng  tu 
Pli^;kwtom<s  by  three  roots,'  of  which  one  i»  seen  on  closer  eia- 
minatjoa  to  be  donble,  giving  four  roots  in  all ;  of  tliese  the  I*'  ' ' 
or  most  anterior  one,  arises  from  the  ventral  surface  of 
medulla  by  two  short  non-ganglionic  roots,  which  unite  togeitW' 
•bortly  after  tearing  the  brain.     This  root  is  in  R-ya,  accordiitg 
'  to  Stannia*,  mainly  motor,  supplying  the  mosclu  by  which  the 
lespirAtory  movemenl«  of  the  anterior  wall  of  the  spiracle  an 
effected,  and  also  certain  others  in  connection  with  the  jawa^^H 
The  second  root  of  Slannitu  is  large,  lies  posterior  to  l)ic  Sf'N^I 
and  is  in  close  uroximily  behind  with  the  auditory  nerru;  ii^^ 
may  ho  distinguiElied  into  an  anterior  part  which  belongs  to  llu 
trigeminal,  and  a  posterior,  more  rentrally  situated  poitiait 
¥r1iich  belonn  to  the  facial.     The  third  root  is  very  large  and 
mucli  more  doi^allv  situated  than  the  other ;  it  is  connected  by 
its  de«pcr  nbrcs  with  the  second  root,  whilst,  from  itd  tiiperfic^ 
fibres  art-  derived,  according  to  Stannius,  the  ramm  oyhlMmk** 
tuperjiciatit  of  the  Bflb,  and  also,  in  part,  the  maxillary  and 
buccal  Dcrrcs. 

Gcgenbaur,*  in  his  aeconnt  of  the  cranial  nerves  of  27<w<t«A(w, 
diatin^shes  between  the  roots  of  the  fifUi  and  the  scrrath.      j 
He  docribes  tl>c  fifth  as  arising  by  the  nnioo  of  two  trunks  of 
about  e(|ual  size,  an  anterior  and  a  posterior ;  of  these  the  ante-. 
nor  («}  arises  fratu  the  ventral  surface  of  the  medulla  by  Ivi 
roots  situated  very  doae  togetltcr;  the  posterior  (£)  has  also  ' 
distinct  root«,  a  dorsal  one  (a)  ariaing  from  the  side  nf 
mrdnlla  hy  a  laige  vwvlling  pnijeetine  into  the  focuth  vcati. 
and  a  ventral  OM  (^)  rituated  iosmeoUtalv  above  tbc  root  of 
Cuial,  and  in  ftont  of,  and  above  that  of  tna  auditory. 

Thv  aerenth  nerve  in  lIuMueiu*  ia  described  aa  anong  by  t 

*  StaBAlBi^  *  Dai  raripktriaoha  Ntrrenijittiii  dsr  nidw.' 
IIM,  M>.  M  B>d  30. 

'  ■■Utbn'  dia  Ropfinmai  ran  nruuMfcaa."  'JRiateha 
Bd.  Ti.  1171.  IV,  MU  MM,  asil  ftlX,  tU, 
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roots,  B  Urgor  on«  imm«cltatcly  in  front  of  the  auditory,  and  « 
tmallcr  one  ptMJng  to  it  froin  the  fifth. 

Jaekwn  end  Clurke'  dtveribc  the  combined  fifth  »nd  sercnth 
iwrvn  m  KriinoriinHt  u  Arising  br  thrw  roots ;  «n  anterior 
inferior  root  (v  a),  itaelf  irith  two  weU-tnjirk«l  rootlrta,  a  M>cond 
root  (V  ^)  ariring  by  •  vril-marked  nip«rior  rootlet  front  the 
lobos  tngemiBtu  and  by  a  am&Uer  inferior  one,  and  a  third  root 
(v  y  and  vn)  elowly  connected  with  the  Mcond  one. 

Bnlfoni'  dt'Kcribw  the  fifth  nerre  in  Sf^yl/hm  stellare  ta  nrixiRf; 
by  tliTM  root* :— (I)  ■"  aoteiior  infirR  or  lew  rentral  root ;  (2) 
n  root  rather  behind  this  ahsins  by  two  stranda,  a  dorsal  aim  a 
ventral,  and  cloicly  conncctca  liclund  with  the  root  of  the 
aennth;  and  (3)  a  quite  distinct  donal  and  povtrrior  root 
aitnatod  ilighUy  behind  the  doraiJ  strand  of  the  aecond  root. 
The  HTcnth  nerve  in  dncribed  as  arisiitt  by  a  nngle  root  clow 
to,  and  behind,  the  second  root  of  tbc  fifth. 

(>n  comparing  these  descriptioaa  of  adult  Ehisinobnncbs  with 
our  own  obwrvations  on  embryos  and  adalts  we  are  led  to  the 
foUowing  conclusions ; 

The  Rfth  nerre  in  the  adnlt  arisea  by  two  roots : 
a.  An  anterior  one  arising  from  the  ventral  snrfsco  of  the 
modolU  by  two  non-gnn^lionic  rootlets,  who«-  dirtbc4ne«<  varies 
much  in  diA'crent  adult  Klai<in<)brancha.  These  rootlets  arc  the 
tertiary  or  anterior  roots  of  our  embryoa  (figs.  10,  1 1,  and  1-t-, 
Vy).  This  root  corresponds  to  the  first  root  of  Stnnnius,  tfce 
anterior  root  {a)  of  Gcgcnbaur,  the  anterior  inferior  root  (v  o) 
of  Jackson  and  CUrkc,  and  the  anterior  root  (1)  of  BaJfonr. 

h.  A  poaleriot  larger  ganglionic  root,  the  ventral  or  M«ondary 
root  of  our  embryos  (figs.  10, 1  i,  and  14,  v^).  This  is  at  first 
quite  distinct  from  the  root  of  the  seventh,  but  during  the  later 
atage*  of  development  gradnnlly  spproscht;'  llii»  Intter,  and  in 
the  adult  cannot  be  clearly  distingni^hitd  from  it. 

This  root  is  the  anterior  part  of  the  second  root  of  Stannitu ; 
the  ventral  division  (j3)  of  the  posterior  root  (J)  of  the  fifth  of 
Qemnbanr;  apparently  the  inferior  rootlet  of  the  seoond  root 
(y  p),  and  powiWy  part  of  the  third  root  (y  y  and  ni)  as  well,  of 
Jackson  and  Clarke ;  and  the  second  root  (2}  of  the  fifth  of 
Balfbnr. 
The  seventh  nerve  in  tin-  adult  ari»es  by  two  roott : 
a.  K  dorsal  root  nrising  far  up  the  side  of  the  medulla,  at  the 
jttDctinn  of  the  thickenea  sides  and  thin  roof  of  the  fourth  «'cn. 
tride.  This  root  is  the  primirr  or  dorsal  root  of  the  seventh 
nerve  of  our  embryos  (figs.  3,  9,  D,  9, 12,  H,  and  15,  vu  »). 

*  "  The  Brva  and  Cnsial  Nmtm  of  Xeimwiima  jjmmmh."  '  JouimI 
of  Anal,  and  Pfajs^'  vol.  x,  p.  SI. 
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It  h^  br  prerioDs  obscrren  been  tlmotl  iuvuikblf  AMcrifaed  h 
a  root  of  the  Gfib,  and  never  u  »  true  rout  of  the  Kvenlh ;  «w 
dtteription  andfyuru  hen  pivem  (wvt  no  room  for  dottil  tiai  it 
ielony*  lo  tie  teceiUi-  As  abtsnd;  noticed,  the  retcotioa  of  tkii 
root  marks  the  seventh  as  being  more  primitiTc  Han  the  ^inal, 
and  pooaibtj  more  ao  than  taj  of  the  other  enuiial  nems,  all 
the  otbef  aertes  apparcotlj  ictaining  their  tecoodaij  roots  oail;. 

This  root  is  the  third  or  dorsal  root  of  Staunius ;  the  doaal 
looltct  (a)  of  tJie  posterior  truolc  (i)  of  the  fifth  of  Q^jtabuu; 
the  sujwrior  rootlet  of  the  scound  root  (v  ^)  of  Jackaoa  nd 
Clarke,  and  the  dorsal  aod  posterior  root  (3)  of  the  fifth  of 
Balfour. 

6.  A  veolral  root  arising  from  ttie  side  of  the  medulla  at  s 
ruther  lower  level  than  the  posterior  root  of  the  fifth.  Thii  is 
the  secondary  or  ventral  root  of  the  seventh  of  oar  cnbiTai 
(figs.  3,  6,  9,  10,  11,  and  15,  vii  p).  The  andiiorjr  UBrre  b  ai 
first  derived  from  this  root,  but  in  the  adult  a)>[>e&r9  to  be  niiR 
distinct  from  tlie  facial  tliau  Is  the  caac  in  the  emhrjo.  This 
root  b,  at  first,  some  little  distance  behind  the  sccondat;  one 
(v^)  of  the  fifth  nerve  (figs.  10  and  11),  fron  which  it  is 
pcrfccUjr  distinct;  in  the  later  stages  tlie  two  rooU  gtadnaDj 
approach  one  another  (fig.  H),  and  in  the  adult  are  uuallf  is 
ouMf  contacL 

This  root  is  the  posterior  pari  of  the  second  root  of  Stanmns, 
the  root  of  the  seventh  of  (Jcgcubaar;  part,  or  possiblf  tk 
whole  of  the  third  root  (v  y  and  rii)  of  Jackson  and  CUifcej 
and  the  sii^Ie  root  of  the  serenth  uf  iUlfour. 

it  would  appear,  therefore,  that  the  Hfih  avin  loacs  its  pn> 
man  root,  retains  tts  secondaiy,  and  acquires  lerttarjr  root^ 
while  tbe  seventh  retains  both  priouu;  and  secondary.  Con- 
ccming  the  fourth  nerve  we  wodd  suggest  tiut  possibility  that 
it  may  prove  lo  be  the  primary  root  of  a  nerve  of  which  the 
third  nerve  is  the  secondary  root,  vrhich  has,  in  lliia  cue, 
acquired  complete  independence. 


4 


heaemOiifl 
•ccciiMiaiy^H 


c.  THtf  bra»eie*  ^  Me  leventk  nene. — At  st^e  k  the 
MTve,  which,  as  we  osvc  already  seen,  has  acquixtd  its 
as  well  0*  il5  primary  routs  of  origin  (%.  11),  expands  below  Uie 
secondary  root  into  a  targe  ganglionic  swelling  lytng  iinmc<d)ately 
behind  the  third  bead  cavity.     Fnim  this  rnlargeneit  thrs 
branches  ari«e:  (I)  from  the  antenor  and  superior  angle  of  thaJ 
ganglion  a  lartce  nerve  with  a  gani^ionic  base  arises,  and 
forwntil  0'  '1  surfacr  ■'■'■'- 

the  »upet:i  ,  lhi»  i» 

srri^lli,  and  u  rtlcrred  tu  in  our  vii  a, 

{i)  The  snond  branch,  o'\\■^  i   Urge,  tAd 
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guigliontc  Inuc,  arises  from  Uw  front  part  of  the  ganglion 
unmedi&telj  bdow  tli«  root  of  the  i>j>bthnlinic ;  iu  deepej-  ;iortion 
mna  fotvaids  and  sligtitl;  downwards  over  the  top  of  the  third 
head  eavitj,  and  becomes  connected  with  the  mniQ  stfjn  of  the 
fifth ;  it  is  rrfWTcd  to  in  the  figures  as  N.  c.  Ttic  more  supcr- 
BcUl  portion  ptaatv  on  furtht-r  forward  in  the  Kftine  diredion, 
orosuB  the  maadibu].ir  arch,  and  enters  the  maxillary  process, 
Ijing  immediately  superficial  to  the  maxillary  nerve,  and  just 
bcnntU  the  eilcrnal  opiblari ;  it  is  referred  to  id  the  fignies  ns 
nirf. 

(3)  The  thirtl  branch  U  tb«  direct  contiiiuntioii  of  ilte  main 
stem  of  the  facial  nerve;  it  mna  doiruward!)  and  backwanls 
aloDg  the  uiteiior  border  of  the  hyoideau  arcb,  and  is  the  hkU- 
in«nt  of  Lhe  poiterior  or  hroidean  brancii  of  the  Mvcath  in  the 
adult ;  it  is  referred  to  in  the  llgiireft  as  vi\  e. 

Of  U>e»e  brancbea  the  Rnt,  or  ophthalmic,  h  from  ita  earliest 
appearance  connected  with  the  dorsal  or  primary  root  of  the 
seventh  rather  than  with  the  ventral  root.  The  second  branch 
i«  the  moot  remarkable  ol  the  thrtte;  )(»  deeper  porlioo  forma, 
as  ve  have  seen,  a  direct  connection  betweoi  the  fiflh  and 
seventh  nerves,  a  cooimnnication  which  appcara  to  be  very  early 
cstabltihcd,  inaamofib  as  by  stage  k  the  coDnccting  brand)  is 
alrvadj  u  nerve  of  considerable  «i):e ;  the  sapeificial  portion  of 
this  branch  (111  (J)  i»  notewortJiy,  maioly  on  account  of  iti  *eiy 
close  relations  with  the  maxillary  divisjon  of  the  lirth  nf  rvi,'. 

At  stage  L  the  only  changes  of  importance  arc,  (1)  that  the 
several  Ivanches  have  increased  in  tat,  and,  excepting  the  branch 
VII  4,  whicli  has  a  very  straight  conrvc,  and  ends  abruptly  in 
the  skin,  hare  divided  into  secondary  branchea  near  their  termi- 
nations ;  and  (2),  that  a  small  anterior  branch  has  arisen  from 
the  hyoidnn  nerve  (vii  e),  some  distance  from  the  brain,  which 
runs  forward  over  the  top  of  the  spimcular  or  hyomimdibuUr 
cleft,  and  then  down  in  the  anterior  wall  of  the  spiracle,  i.  e,  in 
the  posterior  portion  of  the  mandibular  arch ;  this  branch  will 
be  referred  to  at  vii  b. 

The  several  branches  of  the  seventh  nerve  at  stage  N  are  wdl 
ahown  in  the  disjgrammatic  figures  1 1  and  12.  Tiie  oplillialmic 
branch  (vu  a)  is  seen  in  fig.  \t  ariaing  from  the  base  of  iltc 
primary  or  dorral  root  (vit  a)  as  a  stout  nerve,  which  expands  very 
shortly  after  it«  origin  into  a  lat^  aomea'hat  fusiform  ganglion, 
beyond  which  the  nerve  rum  fi^rwnrd  as  a  stout  triinK  to  the 
extreme  anterior  part  of  the  bead,  'tliroughout  its  courw  it 
lies  just  beneath  the  external  epiblast,  and  immediately  dorsad  of 
tlM)  ophthalmic  branch  of  tlie  lifth  (v  a),  with  which  it  is  in  very 
dose  relation ;  like  this  latter  nerve  it  gives  olT  branches  along 
its  whole  course  to  Uie  iDlegumenl  of  the  neighbouring  parte. 
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the  bnnchc*  being  few  in  number  at  the  proximtl  h^  i 
much  mote    namerooa    disUlly.     A    >hort   <ntuiee  beftlM 
kmiaBtioR  this  nerve,  like  the  optillialmic  branch  of  the  Ulk, 
b  CTosMd  at  a  eoustdenblc  anglo  dt  the  tusnt  jV  (fig.  li). 

Ttx  iMHUKctrag  branch  (\.  ^,)  between  the  wnoth  aeil  fiU 
nenrea  ia  well  mm  in  figv.  II  and  IS;  tt  Ea  bow  ehortet  mti 
wider  than  al  ttage  i.  Tfir.  10),  and  oontaiiu  nrj  anoKini 
ganglion  eelb  aloi^  its  whole  lc»gtb. 

The  anperficial  portion  of  this  nerve  (vii  d)  ia  not  sbDVi  ia 
fig.  11,  but  is  rcpreemted  along  its  whole  length  in  fig.  )  2 ;  it 
ia  a  »toat  uerre  with  a  remarkabl]'  alrnight  course ;  it  etv«  cS 
BO  braachea  at  al!  alone  the  greater  part  of  it*  Imglfa,  hot  nou 
Ua  distal  termination  Jividea  rather  auddenljr  inio  a  nombaT  ef 
hranehe*,  which  md  in  the  integtment  of  the  maiillary  proena, 
the  most  anterior  of  (he  branehea  extending  forwardv  auBOSt  at 
flu*  aa  the  hinder  border  of  tlie  olfactory  int.  Hie  refartfons  of 
thia  nerve  to  tlie  maxiltarv  branch  of  the  nfth  are  vrrj  rorknu; 
the  two  nervM  are  verj  cloM  tt^ther,  the  branch  of  the  *evcnlh 
Ivuir,  as  at  the  earlier  stage,  immcdiatdr  sopetficial  to  that  of 
the  fifth.  TheM  relations  are  well  mco  in  the  traBsvene  sedinB 
dtftwu  in  fig.  6.  Iliis  shows,  a^*  already  noticed,  the  frbouj 
and  »cconiiat7  roota  of  the  aevoith,  and  also  the  proximal  pmtiiiB 
of  the  nerve  vii  d.  This  nerve  is  aeen  to  be  a  direct  ooOliinu- 
ttoB  of  Ibe  primar;  root;  ita  inner,  or  deeper,  yurtha  it  seen  on 
both  aides  to  become  coBtinno>us  with  tlw  maxiUary  bruidl  ef 
the  fifth,  (v  b),  the  junction  of  the  two  forming  the  oonnaBliaB 
between  the  fifth  and  seventh  nerves  alreadj  noticed.  BeroBd 
tliis  |>oint  of  union  the  nerve  vit  <f  is  continued  downwards,  lyng 
Immediatdj  snperflml  to  the  maxilhrv  nerve  (v  i).  The  two 
nerves  preaerve  this  relation  up  lo  their  terminal  dtatnlmlion, 
two  of  the  ultimate  branches  bejns  represented  in  figon  5  (v  i 
and  ni  ff).  Hiis  verjr  remarkable  Waeli  of  the  seventh  p« 
OS  f(ri-at)v  for  a  long  time,  and  it  was  oalj  after  working  oi 
whole  histor;  of  it«  development  up  to  stage  q  that  we  n 
in  determining  its  import.  The  nerve  has  alreail;  been  d 
and  figurrd  bjr  one  of  ns/  ud  nuned  tmlativclr  the  paUtineT' 
lliia  dcterminatioo  now  provei  to  be  areueousi  toe  palatioc  is  i 
dcep-ljFiiig  Dcrve,  whereas  the  nem  vn  J  retains  it*  aupeificial 
potftioa  in  the  adolt. 

Hiii  nerve  ^vii  J)  we  havr  now  identified  aa  tbe  baecal  nrrre. 
the  proof  of  tJiis  detenoiBatioQ,  connsUng  is  our  baring  tnou 
the  nervL-  directly  n|>  to  the  adwl.  The  bnoeal  nerve  has  always 
httiierto  been  r^anl^d  as  a  brueh  of  the  fifth,  and  is  dttcnbed 

I  itBtUt,  ioa.  ett.,  pp.  M.  BT,  tad  Pis.  T,  tg.  U]  uJ  TI.  Ip. 
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u  »Dcb  by  SUaama^  Oegenbur,*  Jackson  aud  Clarke,*  BalTonr,* 
and  othen.  Stanmus*  points  out  that  the  buccal  nerve  in  (ivtica 
ia  very  variablfij  tiuit  it  najr  either  arisB  Irom  Uh  miiit  ifti-iii  of 
the  mth,  from  tbs  maxillary  or  tlte  maodibutar,  or  from  both 
tbcM  nerves,  or,  Raailv,  muy  be  absent  altogether. 

Up  to  atagn  a,  aa  aiiown  iu  fif^res  6,  11,  and  12,  tbe  baocai 
ncffe  ia  oJe«iy  a  branch  of  t)i«  seveDili,  and  coald  uot  poMibJjr 
be  taken  for  a  biancb  of  tbo  fifth.  Afiet  stage  n,  hoverer,  the 
ooDDCctioD  between  tbe  roots  of  the  fifth  and  seventli  ii«rv«s 
beconn,  aa  we  lutve  aecn,  vcrj  much  more  intimate ;  and  at  the 
atfl^  botwMO  o  and  r,  repnaentcd  in  Sig.  14,  llio  buccnl  nerve 
(vil  jj),  whkh  ia  now  situated  completely  in  front  of  the  innxiUnTy 
(v  i),  might  very  easily  b«  taken  for  n  branch  of  the  fifth  rather 
than  of  the  seventh ;  careful  examination  ahowa,  hoverer,  that 
the  buccal,  which  is,  as  before,  the  moat  aopcrficial  of  all  the 
Tential  braDcha,  can  be  traced  up  to  the  aoreal  root  of  tbe 
seventh  from  which  it  ari.wt,  u  in  toe  earlier  atage*. 

This  or^in  of  tbe  buccal  nerre  horn  the  root  m  a  has 
alr«adv  been  notioed  by  Stannius,*  who,  however,  as  we  have 
seen,  clid  not  refer  the  root  in  question  to  the  seventh.  Stan- 
sins'  S^orc  of  the  nenrc  in  CAimara'  shows  clearly  the  very 
sapcrticial  position  of  the  buccal  nerve  and  its  indcpeodence  of 
both  maxillary  and  maiidibular  nerves. 

Of  the  remaining  branchc-^  of  Ibe  seventh  tbf.  anterior  one 
(viii)  is  shown  in  fig.  11  at  its  origin  arising  from  a  large 
gangUonic  swelling  on  the  main  or  byoidean  branch  of  the 
seventh,  nnd  running  forvrnrd  in  close  contact  with  the  top  of 
the  spiracle  (9).),  in  front  of  which  it  divides  nlmo^l  at  once 
into  two  branches,  the  distribution  of  which  i»  shown  in  fig.  12; 
of  these  tbe  anterior  one  {vupa)  runs  downwards,  forwards,  and 
inwards,  giving  off  numerooa  btanches  to  the  roof  of  the  mouth. 
Id  fig.  12  tbe  anterior  branches  of  this  nvrvv  nppear  to  croes 
tbe  posterior  linuichcf  of  the  buccal,  but  it  must  Iw  borne  in 
minii  tiint  at  thi»  jioint  the  two  uervea  are  al  very  different 
levels,  the  buccal  being  very  su]>erflcial  and  the  nerve  (vn/in) 
lying  very  deep.  Tht»  latter  is  seen  in  transverse  section  in 
fig.  7,  which  shows,  on  the  right  side,  its  origin  from  the 
eanglion,  aud,  on  the  left,  its  distribution  to  tbo  mucous  neot- 
brane  of  tli«  mouth.     By  oom{>arifig  this  figuni  with  fig.  6,  the 

•  '  Duidbii«b  dcr  Zmtoiiiic,'  p.  U9. 

*  Iac.  cU.,  p.  609. 

•  Loc.  cit..  p.  RiJ. 

•  Op.  cil.,  p.  lUS. 

*  '  Das  PtnpliGrucbc  Neneuajsloni,'  pp.  il  and  49. 

*  Loo.  dt.,  p.  90. 
'  Loo.  db,  lit  1,  Og.  I. 
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StartmBt  af  Inds  between  the  tvo  mves  will  be  at  onre  Bfifi* 
noL  lliia  nterior  bnadi (m  |m}  is  Uw  pilnunr  iirrrr  ;  it  bu 
ftlreadj  ■cqinitd  by  fUgc  n  iU  daiadt-nstic  distributiuti,  uii 
mdo^oe*  BO  fBithei  chasge  of  inportanoc  from  titia  period  19 
lo  the  Klnlt  stagk 

lite  aoMod  or  pcaterior  dmiian  (Gf.  12.  tu  jyi)  of  Uie  oene 
(vn4)  nuts  lioVBvardi  nd  f^^?  Mrkvmrdi  Klong  tbe  Mile- 
rior  borda-  of  tbe  ^tncaUr  dcA ;  it  ptra  off  bnincbrs  alun^ 
the  wbole  of  iU  length,  tbe  gnat  nujonlT  uf  « liicb  ruu  bad:' 
wilds  to  the  BiiooBS  iBaabfwie  of  tbe  boioa  of  the  cleft  and  ta 
the  spanealir  bniMAm.  This  mrre,  vhtdi  at  this  etege  is  of 
about  cqiud  ike  vilh  tbe  psbttpe,  it  tbe  fpincaUr  or  |kne- 
KpinCDlu  nerre  of  xootonista. 

Hm  oalj  braoch  of  the  aemiUi  stUi  left  for  descnutiaii  is  Ibc 
tnain  tntu  or  byoideui  bcmch  (%.  U,  Tiie),  wiiA  forme  the 
diRd  coatinutioD  of  the  nab  etaa  of  tin  oerre.  This,  n  » 
seen  from  Bg.  11,  arise*  tnm  tbe  reotml  or  aecandai;  root  of 
tbe  senntb,  end  it  et  its  orwin  doedy  oooucted  wilh  the 
euditoTT  neiTc  (rm).  Immtffiiltlf  efler  tbe  uiditorr  nenv 
leans'  it,  tbe  Ucut  farms  e  gutgUoaie  sveUing  from  which  ibt 
cwfflmaDicatiiig  branch  (A',  r.)  (0  the  fifth  aa\p  a  given  off; 
bcjond  this  point  it  u  conUniud  for  e  abort  disUoMe  aa  a  atoat 
nerve  with  cominnttve)/  few  ganglion  eetls ;  thin  tot  spccdiljr 
diiales  into  the  huge  ^aa^Uonic  iie-cUii^  uu  lUe  top  of  tbt 
apitacttlar  deft,  from  whidi  tbe  antcnor  branch  itii  t,}  t*  ^,na 
off.  The  main  stem  of  the  seventh  (ni  r)  coctinaca  il*  cooim 
downwards,  nuuuiw  along  the  anterior  boijer  of  tlic  bvoid  aiA 
and  vcrr  ctoat  to  the  posterior  lx>ider  of  the  ypiracuW  cItJV; 
dozing  this  pert  of  its  course  it  oontsina  frw  or  no  ganglioo  eelh^ 
H  gira  off  a  Bumber  of  brandief,  uT  which  the  first  n  uie  Utgait, 
bum  its  poaterior  border  which  ftii'gih  ibe  muidea  derived  Tnu 
tbe  wall  of  tbe  third  bend  cavil;  (S).  A  sibori  distuioc  brim 
tbe  lon-cr  edge  of  thr  Fpiracular  cl<rft  the  nerve  dnidcs  ioio  two 
hnori)«s,  of  which  the  uiicriur  Cvii  r'.j  rana  forward  aioDg  Ihe 
lower  biirdpr  of  the  mandibular  aidi,  veodtng  uonieniiis  btauche 
to  tbe  iutcgoncnt  of  thia  part  and  cv-  '  rDrward  »o  a«  b> 
come  into  vctj  rlose  nlntiiiQ  wilh  tbi-  limnrlies  ttf  the 

maiiltaij  dirision  of  llic  fiftii  {vi>).  ,g 

bnndira  (tii  r,  -Z)  into  which  the  "  .^^ 

the  dirrcdciu  nf  Ihc  main  stem,  nuil  ninf  (iovii  m  liic  livotd 
arch  just  in  front  of  the  third  head  carin    ii^  ■)"  ■.-r...!...,!  .hi... 
tilm  Fif  whirl]  it  mils.     Of  tlic«  t«<i 
sevmlli,  tbe  aatirior,  Mtnuorr,  and  mjiviiicui  > 
manilibuiari*  fi^termu  of  S^niua'  and  Qtyu' 

'  Loc.  ■^ 
'l*e.r 
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pii»teri<>r,  miiMnUr,  niiil  <lt«p  Uruicli  U  llie  ramut  maailHitilaria 
iulinutt  V.  prtifiiHiUi of  tlic  Min«  aultiure.  Itolli  these  braiicbu 
tiavc  alreadjr  anjuired,  by  s<i^  K,  not  onl,v  the  cbaractenitic 
(tiKtnlNiUouof  Uie adult  iirtvca,but  nrarlv  a]]  tbc  minor  braocbee 
ax  «'vll. 

To  rncagiilulat^ ;  we  fii)il  Uiai  by  »lHg«  K  the  Mwfnili  iH-rve 
ha»  acquired  all  Llit:  iniporluiil  branchis  of  ibu  iidult  ni^rve,  the 
taain  trunks  aud  rnsny  uf  tbe  branches  being  fully  deTolopod  at 
a  UMich  cMlicr  period — stage  l.  ITm;  wvcuib  nvtie  at  slagt-  » 
has  twn  ri>ui«,  a  dorsal  or  {inmary,  ami  a  ventral  or  xecondaiy, 
{■'riHii  Itie  donal  root  (vim)  ariMMwo  timiM'JiCBi :  fl)  tlic  oiibthnl- 
tiiic  (vii  a)  and  (2>  tbe  tiuvcai  (vii  <l),  both  of  obich  appe-nr  to 
lir  purely  seiitiory  nerves,  Tbe  c(Hin«:tiug  branch  (jV.  c'.)  lo  Ihe 
fifili  mtvc,  thouKb  it  appears  in  longiludinai  section  (fig.  11)  lo 
bt:  a  diffinct  brand),  iu  IrnoM-cnic  »rclii>n»  (6p.  6)  Hwtns  lo  Ik 
only  the  derjxtr  {rortioii  of  tlw  buoral  luirve.  I'rom  the  vculral 
root  arises  the  aiuin  or  byciideuu  branch  (viic),  from  wbicli  tlte 
branch  vii  i  runs  forward  over  tbe  top  of  the  spiracle,  dividing, 
aliDOft  iu)m>*diat«*ly,  into  tlw  palatine  (/w)  and  fpiracolar  (ap) 
iicrvrti,  tchilst  the  byoidcan  itself  divides  dialally  into  ihe  at-nsury 
ramut  mundiiitl^irit  crterttm  (v  c,  \)  and  tbe  motor  ramiu  aiiitidt' 
in/tirU  inlmut  (\e,  i). 

The  Sixth  (Abdnoeni)  Herre.— Cooccrning  the  dcfclopment 
af  tJi«  Kixlh  iu:rv«  our  oWrvationa  aiiaply  conlirm  ttic  account 
already  ^iven  by  one  of  us.' 

Tbe  whole  len^h  of  the  nerrc  is  shown  in  longitudinal  and 
vertical  sectioD  in  fig.  IS  (vi),  wbore  it  is  seen  arising  frtim  ihe 
t»M  of  ttie  brain  by  a  iiuuber  of  small  non -ganglionic  roots 
which  uiiile  to  form  a  aleiider  iM'rre;  this  nerve  runs  forwBr<l8  a 
«hort  dittanoo,  then  turns  dawnMards,  pieroes  thv  involing 
mass  (i.  r.),  and  ends  in  tbe  poelenor  extremity  of  the  rtetu* 
ejtemti*  muscle  (r.  ir.). 

Fig.  7  shows  tbe  sixlli  nene  in  IransvcrM  seclion  at  Ihe  same 
niagc  (fl) :  on  the  left  »Av  of  the  liguri;  tlir  LenaioBtwn  of  the 
tii'rre  in  l)i«  rtetiiM  aUmiit  is  k«ii  ;  vrhile  oD  the  rigbt  side, 
which  is  taketi  from  a  more  posterior  section,  one  of  lh«  roota 
of  origin  is  seen.  Ttiid  6gare  shows  that  the  roots  uf  llw 
sixih  are  considerably  ticarer  the  mid  ventral  line  tliao  are  (be 
secondary  roots  of  the  >?vcnth  mrvrs,  and  also  that  the  Hxlh 
■oil  scTcntb  DcrveS  are  quilr  iiidrjieinkiil  r.f  oiiv  anolltcr.  At 
sts^  K  the  oixth  nerve  appear*  to  be  ailogftfa<'r  behind  tbe 
KYCDth,  but  in  stage  o  it  is  situated  rather  further  forwards, 
»u  that  tlie  same  tetHoa  may  pau  through  the  roots  of  both 
uvrvcs. 

■  y>nball.  Im.  eil..  pp.  89~93. 
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We  hafe  not  jet  detected  the  tixth  nerve  io  cmbnroa  jaampt 
tluvn  >Uge  [.:  cuncentiiu;  tbe  morpbolnginl  Tatar  of  tiui  wni 
we  adhere  to  the  opinion  alrea^  exprtwoi  llwl  it  m  Iq  be 
ricwed  as  be-jnng  (be  note  lelatioo  to  tbe  KVenth  tlal  ikt 
utterior  toot  of  a  spijwl  ncrre  doee  to  it«  postenor  root. 

The  Etyhtb  (Auditory)  Sarre. — Tias  nerve  aL-n  we  on 
ditpaae  of  bneflr :  at  stage  k  it  appewa  at  a  lari;c  gaturliMDC 
poetmor  bnncti  of  the  MTrnth  oerre,  giren  off  ttnmeiltatel; 
DTjoad  the  root  of  ori^n.  It  ta  from  the  first  cannectni  «iU 
the  Tcniral  or  McondarY  root  (tu  fi).  1^  conditioo  ftt  atani 
L  btbnwDin  6g.  10  (vui).  At  itage  x  (ftg.  11}  iu  root,  thwi^ 
still  iutinalel/  conpected  with  tbat  of  the  facial,  ebow*  ■  vnj 
eTidcnt  Udc  of  aeparalion  fnin  it;  the  gftngltonic  dianeler  irf 
the  inilitury  oene  pLadng  it  in  marked  coBtnat  «iih  the  noo- 
gaogliosic  root  of  the  bctal.  Thia  dtetinctioD  belvefta  tbe  t«^^ 
rooU  beoomca  more  maiked  in  the  later  stages.  ^M 

Oeneral  Coimderatioiu. — Screral  rjoeftions  of  a  more  gentnt 
character  arise  out  of  the  facts  we  bate  recordod  abore,  and 
w«  propoM  to  eonvlude  the  prcMnt  paper  with  a  brief  notke  of 
the  more  imporUot  of  them.  Tbe  prohtems  to  conopcboa  with 
tlte  routs  of  origin  of  the  nerres  have  been  atrradjr  suAbraU; 
dneaMedy  eo  Utat  «e  turn  at  once  to  the  coosideratioD  uT  tlim 
brancbcs,  oonccniiiig  which  the  most  important  poiuu  are  the 
detcnnitialioos  of  tbe  equivalence  of  the  braucbea  of  ibe  diflBoU 
nerres  to  one  soother. 

Ve  eomiDCDcr  with  the  ophUulinie  branches  of  the  fifth  isf 
•eventh  nerres,  the  branches  uuned  v  a  and  ru  a  in  oar  i 
Tfaeae  two  oervee,  wfaoee  cooncs  and  rclatioas  ue  well  >( 
figi.  11  and  12,  toompany  one  another  verjr  doedjr 
Ihdr  wltnle  leiigth ;  tber  aupear  to  be  both  aenaorj  nerres,  I 
bntiiehea  beiB);  diitributeJ  exclusivel)!  to  the  ^iu  of  the 
and  front  of  (be  head,  and  more  espeaallir  to  tbe  mncotis 
of  these  parts.     Of  the  two  nenrn  the  branch  of  the  tiftb 
(r  a)  is  Ute  smaller  and  tbe  more  teatratl;  placed  of  the  two  7 
Ifaongb  tha  smaller,  its  bfandics  arcv  esprciallf  in   [hr  nrlier 
uart  of  its  course,  more  numeroos  titan  thaw  of  the  sevenlh. 
The  two  bnncbe*  in  Ihrir  eonrse  throttgh  tha  orbit  He  JtirtaJ  y* 
all  tAr  otirr  tontenU  <i/  He  i/riit.     The;  arc  at  first  nwtr.  dts> 
tinet  from  one  anuther  (fifn.  11  and  U)  and  lie  cI<ih 
the  cstcraal  eptblait  (d_i>,  5,  Ttl  a);  the  branch  of  the  ■rsaii 
beinv  the  man  suprrficiAl  <if  the  two.     In  tlii;  l>ier  itaur* 
dOTeMpmeiL,  aa  in  theailuli,  the  two  nerves  he  in  ••^m  rU- 
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they  aUo,  bs  iIuivd  in  fig.   16,  lie  at   a  deeper  level  than  at 
tlic  cailier  etagea. 

The  fourth  norve  beara,  as  already  noticnli  a  very  close  irla- 
tioo  u>  tlieae  branches.  Af  shown  in  ligs.  11  (iv)  aud  Itl  (iv)  it 
croMes  the  opliibalniic  bnmcha  nl  riglil  auglcs,  l;ing  ai  a 
slighUv  deeper  level  but  turning  outwarda  iiuDK'diatcl}'  beneath 
Ihno,  Id  ciiu  lo  the  superior  oblique  muM:le  (*>.*.)•  At  the  point 
if  erwnng  the  lirnnchm  of  the  two  iktvcs  are  in  verj  close  nlri* 
lion  with  nne  tuiothrr,  and  wc  are  inclincil  to  biliwe  that  a 
communication  cxtMa  Iwtwceii  the  fourth  nerve  and  the  ophlhaU 
Die  branch  of  the  flfth  at  [hi*  point,  though  ve  have  failed  to 
Irtrnnine  thia  with  certainty. 

Id  dclennintng  the  iitDrpbolt^ical  value  of  tfaeae  ophthalmic 
brsDcbea  of  tlie  lifih  and  seveiilli  ucrve,  very  valuable  evidtiicei 
^y  which  we  have  been  maeh  itiflurocctl,  i*  afforded  by  (he  oon> 
dition  of  the  jfloesophar^ ngeal  uerve.     TWia  norvc,  at  »tage  L, 
(ires  olT,  ju»i  beyond  its  root  of  origin,  a  slender  dowal  branch 
[fig.  10,  tx  a),  whith,  at  first  paaaiog  upwards  aiid  backwntdK, 
moo  carves  rnond  tike  hinder  imd  of  the  auditory  ve»ick-  {-nui.), 
uid  reaching  the  donml  surface  of  the  lien<),  runs  forward  a 
lhor(  ili»tanee,  lying  immedinlely  bnienth  the  iiuiierficiRl  epibliL>(. 
El  gives  off  branchiiK  along  its  whole  course,  whicb  arc  distributed, 
ubown  in  Um;  fifnire,  Ui  (ho  intcgomejit  of  the  lop  of  the  head. 
BJWa^te  \  IhJH  ncrvc  (Hg,  li,  li  a]  has  llie  same  coarse  and 
ippnirance,   ilie  only  ditfrrrnees  hi-ing  llut  it  extends  rather 
briber  (unriTdg  than  at  the  earlier  stage,  >o  aa  to  reach  some 
|iaUnce  in  front  of  the  middle  of  tlic  auditory  vesicle;  and, 
Bcoadly,  (bat  Us  branches  arc  now  smd  to  bo  in  connection  with 
Be  commeDcing  niuduiis  canals  of  tills  region.     This  branch  of 
pe  ninth  nerve  ia  clearly  the  ramm  donati*,  and  an  cxamina- 
ion  of  Ibe  llj^res  1 1  and  12  will,  we  think,  leave  no  doubt  that 
be  nerves  vii  a  ntid  V  a,  which  huvo  a  similarly  superficial  course 
nd  a  like  disirihiiliun  lo  mucous  caiislf,  must  be  vit-wed  aa  the 
ijiiivnlrnt    hranches  of  the  seventh  and  fifth  nerves.     We  are, 
bercfiire,  \rA   to  adopt  the  view  put  furwanl   by  Italfour,  that 
be  ophthalmic  hranchrs  v  a  and  vn  a  of  tie  Ji/ti  and  teseuth 
trret  are  tie  rami  dortale4  of  tiett  nertet.^     Stannius   and 

■  In  R17  lupcrOB  tbohead  CBiiticsof  Elaaniobruichs  I  abandoiieii  tlio 
iBw  prevkiualj  put  (urward  <lliU  Journal,  Jan.,  1S78.  |>.  30J,  llml  liio 
ptitkalmici  wtrt  prniilcut  nmaiiik  of  llio  outiiiiii*»are  C[nitireliii(t  to. 
lUier  Uie  roota  of  ;he  nrrvn  ■!  tbcir  lint  appcanwor,  hut  cti4  noi  rigimily 
n^  Ibe  view  that  Ihry  mm  rami  iDrialn.  I  hale  br«n  Ird  to  ailopt 
lia  vtnw  Buialj  bceniuc  it  now  upiiimn  tlmi,  in*l«Ml  of  beinK  perfectly 
jWptwnal  ia  Uieir  oouru,  u  I  Imit  pn-riuuiit  auppcueil  llieoi  to  bi;  ihs 
■■Iniiet  nM>ri'l}  npreu  an  cia(;i^raie<I  coadiliou  of  a  sUte  of  (litn){i 
|BJb  a  Im  ciiceme  (urm  bj  lLd  naitt  4»naH*  of  Uw  {Iwaoplufyu. 
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(ir^nhanr  *\m^  nf  ihr  ojililluJmica  u  rawj  doraait^,  but 
tb«D  entin^lv  to  the  fifUi. 

\VlutC  th«  caQM*  an  which    hive  W  to  the  vnj  ovrkei 
rili^Dftoti  forwariia  or  the  rami  donaUt  of  tli«*e  arrvc*  u  no) 
Very  evident;  vc  wouid  su^gr»t  that  it  is  due  mainir  to  u 
1  exIrmioD  forwRrd*  and  accumubtioo  at  tho  anlcHor  uicl  of  Ike 
[ibad   of   the  ipeciRl   tetrtinirntarj  wdm  orgnu» — tbc    roaconi 
rcanala — this  cstcniioa  fnrwnnln  involving  a  OOircxpnniftng  cEto* 
^sion  of  the  serves  anppljin);  thrtw  oi^ana;  in  ooonn-xioa  «ilh 
thi«  aug^slioD  il  if  of  interest  to  note  tlial  no  one  of  ibe  ofrra 
in  front  of  the  fifth  tenA*  any  brandies  to  theM  onraoa.    Wbelbr 
llitre  i«  aiij  Iran!  of  ii  ramut  Joraaii»  to  tbu  l}iird  is  vtry  doahl-     „ 
ful ;  at  any  rale  l)i«  fourth  nemt  csnnnt  be  \hr.  ramtu  ■'"■flMri^ 
of  tite  third,  as  its  eoun^  \»,  at  first,  at  ri|;ht  aii|(W  (fig.  llI^IH 
the  rami  dorta/ft  of  the  fifth  and  "acventh  uerm ;  and,  aeeondlf, 
it  is  a  motor  and  not  a  teasmy  orrvc. 

We  now  come  to  a  far  mofe  intricate  problnn,  riz.  the  f 
of  the  connecting  hnnclien  between  the  third,  liFth,  and  tevutk 

.  tierrrs,  wilh  which  it  will  be  convenient  to  connder  the  aerre 

'(fifis.  10,  II,  12,  and  15). 

iTw**  thrrc nervcB,  A',  c,  N. e'  and  X all  appear vcfj etrfy ;  wp 
have  failed  to  delrnninc  the  date  of  their  firvt  origin,  bot  bf 
»tBge  K  Ibcy  are  fulljr  c«t«blishe<il.     The  poatcrior  one  (A.  ^. 
ronnecling  tite  fifth  aiid  seventh  nerves  together,  is  the  nut' 
difficult  to  investigate,  owing  to  ita  ap[jPsriDg  from  Ibe  firat  M 
niTctv  the  deeper  portion  of  the  buccal  lurve  (lii;.  t!)-,  in 
tudioal  sectioii:^,  bovevtr,  it  ap]>cara  very  dislinct  (n'l/r  fig. 
It  if  from  the  fir»l  much  iliorier  than  ritbrr  of  tbe  otltcr  t' 
nerres  wc  are  considi-ring,  and  in  ihe  later  stage*  (Sg.  14)  and 
tile  idalt  conditioi),  owing  lo  the  dose  approxiaialiou  of  the  AAb 
and  M^vnilh  nrrvta,  cease*  to  be  visible  as  a  distinct  trunk. 

The  second  of  the  three  nerves  (A' c,  figs,  10  ant)  1 1)  forms, » 
already  noticed,  a  direct  connection  between  tbr  OaMtenati  gaa- 
glion  of  the  liflli  and  the  dliai;  ganglioD  {e.g.")  of  lh«  Ihifd 
IHTTC,  and  is  much  more  nleuder  than  JV.  ^,    Cunccramg  Uie 
nerve  in  ()iiesliuti,  it  is  of  tlK  ntmo^t  importance  to  notice  tlutt 
only  is  it  fully  entablished  at  the  t4i^  at  which  our  otwcrvatii 
conmenoe,  but  tiai  it  id  from  tie  Vfry  Jifit  a  cvHnrfUng  m 
nmd  tJkal  there  u  ao  rrttmm  wAatatr  in  tie  forlf  »lit<jrt  fxtr 

.*i4er>ng  it  at       '  ■  ■  '-Jijti  ralkfr  lAau  to  He  Ihinl  n 

flVp  luve,  ih' I  -   |jap«  givrn  it  a  perfectly  neUl 

naine. 

The  Lart  of  these  nerrcs,  A'.,  is  still  m>ifp  nn-.BiluMr  :  tikr  iha 
othen  it  is  prescal  at  t,    Sttrlimg  n  < 

ufangiiim  it  r«M<ii«  a!mo»f  ftfr/ietig  tti-i'^*'  •>■•••'■■ 
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etui  of  tie  had,  ending  ahrtipUff  in  tie  external  t^iihjl,  aod 
ffiei»^  off  MO  bratuket  tciat^evr.  At  stagu  L  it  is  m  verr  cUne 
rL-liiiiun  Id  the  ulfaolury  nerve,  asd  in  sodil-  specimens  vxmi  to 
hfi  connected  with  it,  ihongh  we  crduoI  spi-ak  with  certainty  on 
this  point. 

As  Kiwn  n»  the  ^je.  mut^ih-s  atv  edtabliiihiiil  thi-y  hnve.  vktt 
drtliiile  rrl&tioTiai  to  this  ii«rve;  tlie  r^e/its  tsjierwr  and  inlerntit, 
and  tli«  oitiijuut  titperior  Ijiitg  nbovc  it, and  tlie  ri-maiDiiit;  three 
muwks  below  it  (fig.  11),  It  also  p«MrB  through  the  substance 
of  th«  sclerotic,  Bfl  Doticvd  in  a  former  portion  of  thi*  paper. 

C^HiiiiTiiini;  thr  morphohi^icu]  sigiuficanrL'  of  tlir.ie  nrrvc-s, 
bearing  in  niitid  Ihtir  verv  <^urlv  nppearance  and  the  lolul  HbAUcv 
of  eviileiice  for  reitardin^  Ihein  aa  briiiiciic-.s  of  either  of  the 
ui-rve»  llit'jr  serve  to  coniieet,  wc  nre  (Jisjiiwrd  to  view  ibe  n«v« 
Jf.  c.  and  A',  e.'  ns  pen^i^lrnl  pcirl)(in!i  of  the  neuml  rtJgr  bet  ween 
Ihe  oiitgrowlh*  to  form  the  third,  fifth,  unil  MvenlU  nerves,  nnd 
as  being,  therefore,  homologoua  with  the  primitive  comuiimure 
conncctiog  the  posterior  roots  of  the  spinal  ncrvea  togelhcx.'  A* 
to  the  mrve  A',  we  are  muoh  more  in  duubt ;  hn  apparent  con- 
iiecliun  wiih  the  olfKlorir  nerve  al  L,  if  confirmed,  would  tell  in 
favour  of  its  bciii);  regarded  ao  u  niniilir  comnii»»ur(r  between 
the  third  and  nlfnclory  ur.rvea,  and  would  gr«uttjr  NUpport  vic«-a 
previnuslf  advanced  bj'  oi>c  of  us  cunoerning  thi;  uioq>ii»logicitl 
value  of  the  olfactory  nerve.'  On  the  other  hand,  the  exlension 
forHaicIs  of  the  nerve  A*,  beyond  the  olfactory  ucrvu  to  tht; 
exln-inr  nnlrtior  end  of  the  heiu)  lanfl,  for  the  present,  be 
rrgunU-d  an  nlinoHt  eonrlunive  againut  iln  <;iim[iii.->aur4l  nature. 
Ju  Ikit  eate  it  out  ontji  ht  n  bronck  of  the  tiinl  aerrg,  for  ifac 
only  other  nerve  with  wbicb  it  is  in  direct,  or  iwtirect,  connm- 
tioQ  ts  the  oonnccling  uvrve  (A'.c.)  between  the  third  and  Hfth, 
whif.h,  if  it  dors  nut  brlunt;  Ut  tbb  third,  Iheru  is  al  any  rate  uo 
reuou  fur  referring  lo  the  iilUi. 

Id  tli«  adult  Scjr/t4tim  this  nerve  retains  the  rtlmiuu  to  other 
nerves  which  it  has  clearly  acquired  by  staj;c  n  ;  it  is  desciibcd 
in  tllc  adult  by  Schwalbe*  as  "  dieser  schembare  Zwcig  des  Uenlo- 
motoriiis."  In  3Jti*tetiu  Schwalbc  dncribes  it  as  a  branch  of 
tlic  fifth.  \Ve  much  regrvt  that  we  have  bad  no  oppurtunitr  of 
■ludying  the  development  of  this  nerve  in  Mtuttlut;  should  it 
prove  to  arise  as  in  Si-yUium,  then  ■(  uuat  definitely  bw  rrgirded 
as  A  branch  ofthc  third. 

As  We  have  already  pointed  out,  ibc  nerves  M.  e.  and  A^.  tuge- 

'  PoTtheM  eoiDKiMUttn  iii  KlMRioiiniicliit,  rtJt  Balfour,  op.  cit.,  pp.  ISS 
^MUKuM  in.  X),  ftf!.  IH.  aiiil  PI.  XIV.r1)c  Mi.  lii  llie  eliick,  UanhaU, 
■'  I      FB.  Micf.  Sri.,'  J.i..,  IS78.  1*1.  lIl.Hitf..  «7  anJSS. 

I.  '  (JMirl.  Jiiiirii.  M)er.  Sri,'  vol.  xix,  |ip.  300  Mf. 

'  ^iin.iiue,  '  iMn  (lai^liuu  Uoukimotoriiu,'  p.  lA. 


wftkmvlm  tk  i|h^ilM  hiiiti    «i  Ae  tHk  mi 

Mnw  iCMaclvBf  •    Bon  Ihm  Brnw  Mfe  ^T 

Ihw  *Me  (MM,  wi  M«  BeJtnmd^tB  tie  ^ 

ftdJj  ArtiMS,  Im«  n  tW  aUl  nita  ■■«  or 
littr,  Uw  cxtflBl  of  tbcir  aawa  n^ug  MMfc  in 
bfttclu;  Uk  two  tofptber  euikihi  the 


llts  Uitrd  of  (bm  gjihUMlniic  nenca,  the 
p*i>f%ttdm*,  liM  a  Ttn  JilfcwiH  oottnr,  ux)  ii  of  ■  totaUj  i 
lutuK ;  it  i*  tomta  is  SefOimm  by  the  uuob  el  tfac  < 
braneli  betwao)  Uh  llftli  uid  ibird  oerre  (y.  f.)  with  tbe  br 
■  of  tbe  tbird  nerre.  It  u  vaj  dr&mttiy  cbaacbeoatd  hf  iu 
eoiine  rentnd  of  the  twperior  reetM,  trnprrior  Mifa*,  %aA  imltnmt 
nctiu  maxlft,  hy  iu  cluac  lektion  with  the  imtr  «aJI  □(  tki 
oyetMil,  by  the  fact  tJiat  the  eiliarj  gutgliun  is  dtbu  lu  iL>  tnuk 
ur  i*  ouniwcteii  with  it  directly,  bj  it«  baring  at  first  do  bnacha 
and  hj  iti  cIdm  cuniuxtiuD  wiib  ibe  DUactor;  nerve. 

We  bdirve  (bat  Um  epkUalmietit  a^e^uialu  and  ofilJiai- 
mifut  pro/uvdas  alwava  nwiatain  thiiae  reUioii*;  tlut  Oir  ur,i- 
/koJm,  wbi«ti  u  clmrly  thr  natal  iirrvB  of  Mammalia,  a  a  : 
lite  and  v«ry  rautanl  nervF,  and  that  it  never  shifts  lU  [i>r.i....u 
Ht  aa  (o  lie  durud  at  oil  tlio  rye  niucclvt,  aa  injifnieed  bf 
[lalfoiir. 

'['Ill-  two  dirinoM  of  Ihn  ofilitkalmieiu  nptr^ialu,  on  ibc 

otlHir  hand,  Bpfwar  lu  be  vmy  Tphable  indent  in  Jlfftircul  Vdftc- 

■  lift,  rji.,  |i.  I'Jl  :  Uh!  itaijoa  an  OMr  owa. 
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Urates;  (lie/  ;iiuiu  tbeir  maximum  devdojimeiit  in  Itie  Kli^tuo- 
bninchii,  probably  on  accouat  uf  tb«  great  derelopmeiit  and 
importance  of  the  orgniu  Um'JT  supply — Ihi-  inucoos  omalii.  la 
MdiDiualiB  thr  Dplithaliiiic  brvticli  uf  die  llflh  i«  rcprcK^utud  by 
t)i«  rroDUl  iind  Uelir^rm^  nerves,  while  tlic  Kveatli  iteiTe  biu 
no  a|>lilJiulmtc  branch. 

ll  would  bardiy  be  profiUblc  to  discaM  the  various  deacrii^ 
tioiiB  of  il»f»o  nerves  by  (liffiri-ol  »rrilrn«;  wc  will  mt-rcl^  point 
out  iirre  llinl  Scliwalbt'  cleurlv  tlistingutKboi  tliu  thrc«  ojihthal- 
inic  iivrve*.  He  ulU,  aa  we  have  dotie,  the  ophtiialuiic  braoclics 
of  the  wveuth  ant)  fifth  nerves  togvthtrr  the  ramu4  opitialmicHt 
tujNfrficitiii'i,  ilistiDguisbitig  the  cottiuoDmt  purls  aspvrtio  mafnT 
(vil  ii)  and  po'fio  mtaar  (v  <>)  tes[*ttiVKly.  He  nUo  employs  llio 
trnn  raiam  op&thalmieitt  ftrufundtis  in  the  sairie  Briinca*  wr  linve 
UoneL  Halfuur,  wlio  was  the  first  to  clearly  recogui.-e  Ihe  double 
nature  of  the  ophtltatiiieu*  tufirrfcialit,  u  iu  cnor  iu  caUiiii;  llie 
lower  portioa  of  it  (r  a)  tbc  ajiicialmiau  profvnda*. 

Conoeniing  tho  other  braocbcs  of  lh«  ncrrcs  in  question,  then 
can  be  httlo  doubt  thai  tbc  hyoidcou  bntncb(vit  c)of  tbeaev«nlh 
fuid  the  inniidibuUr  brunch  (v  e)  of  tho  fifth  are  bomolc^ous 
nrrrni,  *u{i{(lyiii)C  fCHpectively  the  anterior  widla  of  thehyoideatl 
Mild  luaDdihular  arches;  and  tbi'rc  appear  to  be  good  renHons  for 
vi4!wjug  the  nerve  (lu  c)  as  the  corresponding  brand)  uf  the 
third.'  All  the  thrt-v  nervvs  in  question  are  either  mainly  or 
exclusively  motor  in  fuiictioH. 

Tlu:  iteTeiith,  tike  tlte  hinder  cranial  lu'rvet,  forks  over  a 
visceral  deft — the  spiradc.  As  ;bowa  in  6gi.  1 1  and  1 S,  there 
are  two  braocbes  of  tlw  ecvmlli  which  ruD  down  iu  front  uf 
the  spiraculnr  cteft,  vie.  tlie  buccal  (vu  d)  and  the  inandibuLir 
(vii  b),  *\\k)\  Utter  difl(i<9  alinoxt  at  uiioc  into  ihc  palatine  and 
Hpiracular  nerves.  Of  these  two  a  hiiitory  of  Lla-lr  development 
aud  a  comparison  of  the  branches  of  the  seventh  with  lliovc  of 
the  glossopharyngeal  (ix,  fig,  12),  leave  no  possible  ntom  for 
doubt  that  the  mandihuUr  branch  (vii  £)  is  the  botnologue  uf 
the  anterior  branch  (ix  i)  of  the  ghwopliaryngval.  'Hiis  latter 
nerve  (ix  b,  Hg.  12)  extends  very  far  forward)  in  the  hioidean 
arch,  being  iu  this  respect  very  closely  imitated  by  the  lutiitine 
nerve  (vii,  pa),  so  Mist  »c  are  disjwsed  to  regard  the  aholo  of 
tbe  muiidibulor  divisiun  (vii  b)  of  tbo  seventh,  i.  e.  both  palaline 
and  spinenlar  nrrves,  as  togctber  etpiivalcnt  to  the  anterior  or 
h^uidian  branuh  (ix  &)  of  Uie  glonopharyngeal. 

I  "Du  Uonfftloa  Oaidonotoriw,"   'Jenibche  Zeitschrirt,'    Bd.  xiu, 
pp.  1 1  n-f . 

'  Mii&l>n'l.  los.  dt..  p.  SS. 
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raor.  Miuin  hauball  amu  w.  il.  sr 


fiWfoiui  ddcribe*  the  maa&mht  bnadi  of  cIm 
haaf  Wge  in  the  embijo,  to  Ur^  m  bet  Unl  ht  it 
abool    iantitjmg    it    with    the  adult  w^nahr 
fgnm,'  bovevitr,  thov  perfectlT  elesri;  that  what  he 
-ikie  nawMnilar  braach  ftf  the  srrcnth  is  really  the 
ibowB  la  be  the  boccaL' 

^K  inaxillarj  nerre   {f  6]  t>,  from  its   time  mod 
dcvela|iiDt3it,  alnort  ccrtaiiil;  to  be  n^Mi6ei  as  the  trme 
braach  ol  the  Ulh  cofiwponiiing  to  the  Mitibdar 
th«  aernuh,  althoagfa  in  the  ah«nica  of  ■  viicenl  deft  is  tbs 
mioB  thu  dctennniatioDeaniMitbecointdcnt)  ab»ote»«iy  pfo*a^ 
Whether  there  u  aoj  eqatvalent  hrancb  of  the  ihiH  DCfTc  i* 
ferjr  doabtfol ;  at  auj  nte  no  auch  braach  cao  be  p'''i*r4  eat 
vith  eertaiotjr. 

There  oow  rcaiains  for  oonaiikintUMi  llw  fanecal  arrm,  Ik* 
dctermiDalioa  of  which,  la  a  branch  of  the  aevtalh,  w  ooe  at 
the  moat  Mnkio);  pnlnu  we  ba*e  hmogbt  to  KgbL  Whether 
thia  naarkable  oerve  has  an;  bomolo^ae  anoag  (he  bcanchea  af 
Ibe  fifth  is  a  point  our  JnTotigationa  have  not  jet  enabhd  n 
to  delenniae.  It  is  perhaps  worth  wbile  pointing  oat  that  thai 
are  ■naa;  ponia  of  resemblance  between  ihia  nerre  am)  the  ravM 
opJUAatmiciu  profumdiu,  points  of  ralBcirDi  imimrtaDce  ki  vaAa 
a  Gompahauu  lieiaera  the  two  nerres  at  an;  rate  a  |KM«ibie  and 
■■i^gMtite  one.  In  each  eaae  the  prountal  portton  of  the  nerm 
n  cpHriian  eonoeets  together  directly  the  gaii|!lioii  of  oae  Hp 
mrntal  nt-nie  with  th<t  of  tbc  nenc  next  in  front,  while  tha 
ijuul  portion  puses  forward  into  the  eegtoent  aitteriur  la  thai 
in  which  the  suin  branches  of  the  nerve  are  eoDtaiaed,  Tba 
early  origin,  the  cnnottsly  ttr-i^lit  eonrse^  and  the  abeowt  of  h 
braodu?  until  cluae  to  their  temioition,  are  fettare*  coinoa  to  ^ 
the  two  Benca,  and  oaea  in  which  they  aland  in  marked  motnat 
to  moat  other  bnndiea.  The  deep  eonrM  of  the  pnfmmima  m 
ooDlrasted  with  the  very  rapcificial  one  of  the  buccal  iierre  ma; 
perhaps  be  altribntrd  to  the  great  development  of  the  eye :  in 
front  of  the  oHiil  the  pru/umdut  is  a  superScial  ocrve,  and  like 
the  baecal,  >■  parel}  senaocy  in  its  distribution. 

On  the  other  hand,  it  mnat  be  iiotioed  that,  a*  already  potnled 
Dol,  Ibe  evidence  ■■  distinctly  ta  broar  of  the  disUl  portion  of 
iiKj>TofHMdn»  (bFToodtbe  ciliary  gaogliun  J  Ijeing  a  branch  uf  the 
tfainlnlherthaiio'r  the  fifth  nrrvc.  Another  poiul  ufdittinctton 
between  thcffl  lies  in  the  fsd,  that  the  fprmcr  (the  ^n>fmmi»t) 
is  diatributed  to  what  is,  morpbologieally,  the  ducsal  nrlace,  thn 
buccal  ta  the  ventral. 

lu  tlie   pitaeoi  pBper  wn    have  pnrponly   refnianl    frnm 

'  OTi.dt_.p.  aw. 

•  Op.  «!..  K  XIV.  fl«  2  u.d  Off.  U  a. 
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•Uemptiiig  to  dutomiBe  the  homolwies  between  the  nerreB  of 
SefiUmm  »aA  thow  of  other  vertebrates,  preferring  to  wait 
until  br  the  itpctT  of  the  derelopment  of  other  typea  we  are 
auUed  to  loing  rarwud  pontive  eridenoe  in  sapport  of  onr 
detenninatioot. 

In  ooncloMon,  we  woold  express  the  hope  that,  by  working 
ont  the  derelopment  of  the  roots  and  branches  of  tilt  cranial 
nerves  in  a  verj  tTpical  vertebrate,  and  following  these  roots 
lad  branches  tbrongb  their  sabseqaent  changes  op  to  their  adult 
condition^  we  have  rendered  more  practicable  than  has  hitherto 
been  the  eaae  oiHnparisona  between  the  descriptious  of  embryos 
and  of  the  corresponding  adnlt  animals,  and  have  contribnted 
Bometbins  towards  tiie  eatabliahmest  npon  a  firm  basis  of 
compazative  neurolc^. 


J,  C.  BLUOUIIKLD   AMD  A.  Q.  BOUKNB. 


On  the  OCCURRBXCB  of  CoRPUSCUM    ra    lit  ftsO    VASCULAk 

Fttiio  of  CHXtoenoa,     By  J.  E.  Bu>UFiKLt>,  B.A.,  aail 
A.  G.  DouRXB. 

It  ased  to  be  (or  wb  msy  even  say  (hat  it  is)  >n  accepted 
commonplace  of  ztwlo^cal  science,  that  th«  red  vaxcular 
tiuid  of  tiic  CtiiKuipoilit  is  devoid  of  corpusrlea.  Ccrtuu 
pxcpplioiiB  have  heea  admitted,  but  ihej  have  been  reganled 
n»  exceplions.  In  renlity  they  appear  to  be  no  exceptiotis 
but  the  ruin.  Prufcttitur  K.  Kay  Laiikester  ('Qunrt.  Juum. 
Mtc.  Soc./  vol.  xviii,  1878,  p.  68)  has  demonstrated  liui 
existence  of  colourless  corpuscle*  tu  the  red  vascular  fluid  of 
the  earth-worm,  and  has  described  them  aa  "small,  obloug, 
fliitiened,  fusiform  bodies,  with  clear,  sharp  outline,  beyond 
which  occn^ionally  npiR-ars  a  xmall  ijuanltty  of  raKi{>>d  pro* 
tuplium,"  and  conttidur«  thnm  to  be  mervly  nuole)  of  the 
cells  forming  th«  walls  of  the  vessels  which  have  become 
'■  free." 

In  the  above-mentioned  paper  there  is  a  complete  account 
of  what  was  hitherto  known  throu);h  the  researches  of  M. 
E>).  CUpar^de  and  M.  D«-  Quatrofagcra,  a*  to  th<-  exivienoe 
of  similar  corpuscles  in  the  red  vascular  fluids  of  other 
('hii;io[Kids. 

Since  the  publication  of  ihiw  paper.  Dr.  Franx  Vejdovslty 
("  Beitraifetur  Vertflcichcnden  Morpholo^ie  der  AnneUden.  1. 
Mooofjrnphie  der  Enchytneiden."  Prag,  1879}  has  described 
similar  corpuvclos  in  Criodrilus,  and  mentions  them  aa  occur- 
ring in  Tubiftx,  about  which  latter  genus  Dr.  Vi-jduvsky 
promises  to  say  more  on  a  future  occasiou.  These  cor- 
pufcles  have  then  been  hitherto  vlwerAcd  in  the  folluwii 
ICenera; — Lumbricus,  Criodrilus,  amt  Tubifcx,  amoni{  il 
Oligochwta;  Ophelia,  Cirrbatulus,  Terebella,  Staurocepli 
las,  and  SyllidL>a,  among  the  Polychaeta. 

We  are  enabled  to  add  to  this  list  Eunice  and  XeretB,  in 
both  of  which  f;cu<-ra  we  Hnd  similar  corpiiwcli-s.  Thesu 
oorpiiHclcx  are  rendiTe<l  u^idciit  by  treating  ■  piirtiun  of  part 
of  the  tissue  which  is  well  Bupplied  by  the%e  vesiiels,  e.y.  a 
mu«rulnr  septum  or  piirapodium,  or  even  hi>tter,  inntely  a 
pnnion  of  oun  of  iho  lar^trr  vessels  n-mnvi-d  to  a  stiilo  <«ith 
two  pairs  of  forcefN,  the  blood  being  kept  in  it,  with  osmic 
acid  in  l-wr  eent.  aolnlion,  followed  hy  picmcarmin,  the 
excess  of  the  latter  being  rrmoved  by  blotting- |>Apr-r,  sni^ 
the  tisane  waahvd  first  with  wattT  and  aflrrwardB  nitii  i;| 
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cerin.  To  ffoud  KgftiiMt  error  it  is  importaDt  to  see  the 
coTpascleB  wnile  utuulf  within  the  walla  of  ihe  veasels, 
and  to  noTfi  them  ap  and  down  by  gentle  preMure  on  the 
covflislip  to  dtetingiUBb  them  from  the  nuclei  of  the  cells  of 
the  wall  of  the  Tsssel  itnll  This  method  is  the  one  applied 
hj  Professor  Lankeeter  to  the  inveBtigation  of  the  red  tss- 
cular  flnid  of  the  earth-worm,  and  it  seems  ezceedinglj  pro- 
babi*  that  in  moat  Chstopoda  when  carefully  appliecC  it 
will  yield  the  same  reanlt  as  it  did  in  that  case,  via.  evideace 
of  the  existence  of  corpuscles  in  the  red  vascular  fluid. 

The  corpuscles  occur  either  singly  or  in  amall  maases.  In 
Ennkw  they  are  either  round  and  average  TiVvtii  o'  "^  i°ch 
iu  diameter,  or  are  oblong  with  a  long  diameter  of  -rvVit^ 
of  an  inch.  Id  Nereia  the  corpuscles  are  mostly  round  aud 
ratiiCT  smaller,  varying  from  tbSt^  to  tiStt^  of  an  inch  in 
diamrter. 


&02 


VINCENT   DABHia. 


Pacitjiam  Cokpusclrs  in  the  pANCRRAti  and  Mrkriitkbic 
Glakum  of  Iht!  Cat.  By  Vinckxt  Harkij*.  M.U^ 
I.Dtiit.,  IX-itifliiatrator  of  Praciical  Phjsiologjr  at  &, 
Bartholomew's  tlospiul. 

a.  Tn  the  Pancreas. — In  examining  some  specimen*  of  I 
paiicrra*  of  a  cat,  from  a  part  which  was  closely  ntlhtreiil 
the  duodenum,  I  observed  a  large  oumtwr  of  Pacinian  cor- 
piuclea.     In  one  iinall  »cction  no  Ins  than  three  were  sem 
f;iou|>oil  loii^cilirr,  with  here  and  tbvre  a  solitary  ona;  tbcjr 
were  cut  tu  variimt  ways  by  a  transverse  section  of  ibe  ttMo^ 
and  80  vviileuily  la;  with  their  Ions  axe«  place<l  iu   vano' 
directions.     The  )<>r;;<-iit  number  of  ihe  corposclvs  wns 
near  the  oulside  of  the  »i-ctioni,  in  tlm  cunni-clivv-tiiixue  cap- 
Rule  of  the  organ,  but  in  one  or  two  instances  a  siiliurj  cur- 
putcle  appeared  in  the  midst  of  the  ghmd  umonz^l  the  scanty 
inlerlobuiMr  connective  tissue.     The  iliffcrcnre  in  the  stse  of 
tbe  bodies  was  very  marked,  »omv  bviiig  twicv  u  large  "^^ 
otiiers,  but  not  any  ho  lar^  us  thuM  gcooratly  observed  IB^I 
the  inew'ntery  proper.  ^ 

Ah  regarda  structure,  they  showed  extremely  wrll  the 
hyaline  ground  membrane*  lined  with  endothelium,  bat 
here  and  there  nn  appearance  n*  though  they  were  separated 
from  one  another  by  an  albumiiiuiiH  malrnal  in  addition. 
The  average  number  of  the  ({found  tuvmlirancM  in  a  corpuecli 
was  about  (wenly-two. 

fl.  In  Lymphatic  Glanda. — In   the  mesenteric  glands 
a  cat  examined  in  sections,  1  also  noticed  a  larKe  numl 
of  Pacinian   corpuvclcs.       These  again    were   found    lu 
Hiluali-d  to  the  outside  of  the  sections,  and  wcrr  rvideiitlj 
cuntaiued  less  in  the  glsnd  it««lf  than  in  the  looite  conttpoiive 
(issue  surrounding  it.     They  presented  the  structure  of  the 
ground  membranes  and  of  the  central  mass  perfectly,  and 
the  tennitutioR  of  the  axi«  cylinder,  closely  lovested  wi" 
large  nuclei,  was  in  most  case*  contained  in  a  sheath  fill 
witb  a  brownish  material,  which  would  not  stain  well  wi 
logwood.     Till*  malcrinl  was  probably  similar  to  that  whl 
wax  ol>icrvi^d  IxMvTn-Ti  the  rajwules  of  the  corpusclesin 
spcs^iiitens  of  the  |Hiuerras. 

The  Rpiiearnuce  of  I'acioiau  corpuscle*  in  the  localiti 
mentioned  above  is  most  likely  to  be  explained  hy  the 
that  the  lissura  in  which  ihry  were  found  ars  closelv  coi 
neclml  with  the  mrsentiTy,  which  in  the  cat  in        "  '  >  >« 
to  be  abundantly   supplied   with  such  nerve  1 
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anpport  of  this  •uppoiition  I  nay  add  that,  in  examininf; 
aotne  mawnterie  lymphatic  glands  with  the  naked  eye,  I 
obwnred  that  in  the  peritoneum  surrounding  at  least  two, 
there  wm  a  U^e  number  of  rery  small  Pacinian  corpuscles, 
and  that  aome  night  be  traced  almost  to  the  gland  capsule 
itself.  I  cannot  say  definitely  whether  the  mesentery  proper 
was  well  supplied  with  Pacinian  corpuscles  in  the  animals 
froiq  which  the  mesenteric  gland  and  pancreas  first  men- 
tioned were  reapectively  obtained,  but  in  the  last  instance 
thia  was  the  case. 
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A.  iKTXOUttCTIOK      AHD       BlSUO- 

OKAFBT. 

B.  CoKPAKiuHi  or  LnnTLCs  akr 
Scorpio. 

f  i.  Skeleton. 

I.  TcripUu. 

II.  App«ndas««- 

III.  Surallcs. 

IV.  The  comMoa  clurac* 
ten  o(  tho  knelliRcroDi 
mpae»6agfit  nt  SecqM 
■MLinMlm. 

A.  Iktboductiok  amo  BiBUooBAmy. 

Thk  prevailing  opiiiiun  nmonft  loologiitU  at  tlie  prrtral 
dftV,  with  ri^atd  la  thr  HtHiiitit^s  of  the  King  Crab,  is  tbxt 
it  must  be  regvnled  as  one  of  the  Crusmcea.  Kven  when 
thia  vienr  is  not  fully  acciepiml  rhe  King  Crab  ia  piacrd  in  a 
special  position  of  isulutloii  and  its  relationahip  with  Cnw- 
tac«a  •trongly  itisiiit«d  upon,  whil<t  more  remote  affinity 
willi  the  Aracbnida  is  f;rud^iigly  admitted. 

My  friend  Edounrd  Van  Iteneden,  of  I.tige,  it  the  only 
eooIoeiEt  who  h<i«  ilcfitiilely  Inken  n  div^i);ent  Hue,  and  h«> 
fninlily  cndorerd  th«  inm(inciif<-  [wrrrcplion  of  Straus  Durk- 
hcim  in  declnring  iliAt  Liniuluit  is  no  ('rusmcrnn,  but  ■imply 
and  unrp«erve<lly  an  Arachnttl.     Ed.  Van  Bcnedvn  baweahb 

^opinion  upon  embryological  daia.     I   have   elsewhenr  px- 
K>ed  my  fall  cuncurrvace  in  that  opinion,  bnt  (he  grouniU 

piipiin  which  iny  ronclution  ri-ttts  an;  no)  Rolrly  rnibryolo^cal 
-they  have  nrfereoce  to  the  dtructure  of  thn  ailnlt  Liroului 
and  Scorpion.      Id  the  following  |M(ea  I  hopo  to  sboir  that 
Liniulufi  if  birst  nndcntood  as  an  at|iu(ic  Korpion,  and  iba^J 
SroTpinn  and  iu  allies  as   tcfrcstna)  modiftcaiintu  ttf  llw^H 
King  Crab.  ^^ 

My  Tiews  on  tliis  suhject  wer»  formed  tomt  aighl  yvara 
UO,  and  I  have  lu  ackuuwlpdgt-  the  kiudui^ai  nf  Mr.  Car- 
rtngton,  F.L.S.,  of  tbr  Royal  Wretminilcr  Ai)iinri>iTn,  h* 
wbirh  I  hsic  Ivrpn  enahlrd  tti  iliiM-rt  and  niftke  ii-«i 

atndy  of  prifrrdy  fnab  •pccinjeii*  of  LimiiluJi  * 
tbe  liring  atatt. 
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It  is  not  dtwiraWe  lit  the  oulMt  lo  foUon  the  history  of 
the  di«cuKtii«n  ri^laitve  to  the  zi>(>lo);inil  |)o«itioii  of  I.iniulua. 
Those  who  desire  to  become  acquniiited  with  the  most  im- 
poTtant  contributions  to  the  Buhjrrt  should  consult  the 
memoirs  of  Anton  Uuhrn  and  A.  S.  Facltard,  who  Iikvv  given 
very  nni{)1<'  rcferencts  lo  thi!  literature  of  the  subject. 

I  tiliall  here  give  in  al|)habetic«l  order  a  tiat  of  the  chief 
works  referred  (o  in  (he  following  |Hif;e8,  the  nnmlior  at- 
tached to  nn  author'*  name  when  titi-d,  having  rcfercucp  lo 
the  numWr  in  ihi*  jiresent  list.  After  1  have  put  forward 
the  facts  and  inferences  with  reference  to  the  structure  and 
affinilifsof  Lioiulus  which  appear  to  me  to  be  well-estnb- 
[liahed,  I  shall  briefly  review  the  vaiious  opinions  which 
bavebeen  advanced  by  recent  wtiterit  of  authuriiy. 

S^Mciai  Memoir*. 

1.  Domx,  Antoa.    "  Bau  und  KnIwiekclDng  dcr  ArtkronodeD,"  '  J«h. 

>iM^  ZcitMJuiCt;  Bd.  vi,  1S71. 
S.  (jEcavBAUK,  Cart.    *' AiiMlutnitcbB  Untertui^huiiff  tiiic*  Ltmulii*," 

'  AbbaadtuugeDdcr  nslui(un«)i«D(leo  Gpullictafi  in  Italic,'  IStS, 
3.  OaKHACHEX.  "  Untere.  ulier  liM  S«liiitK»ii  <ier  Anbropmicn,"  !S7Q. 
k  Lamumikb,  B.  Bbj.    "  Mobiltlj  of  ilie  S[>eriualu£aA  of  Lunulu*," 

■  Qj»rt.  Jouru-  ot  Micr.  ScicnM,'  1S?S. 

5.  Mii.XS-ilDvAan*,    AlpliODse.       "  KmliRrclir!*    mr   I'An.ilnmic  del 

lininln,"  *  AnnalcB  dm  8oieac«i  Nalurcllu,'  lilli  icHo,  2gologi*, 
Tol.  irii,  1873. 

6.  Nswroat,  Qconco.    "NorToatand  Circulstory  Syitems  in  Mjria- 

pixli  aiiil  MMmuron*  .Anctinida,"  'Pliilos.  Trnuucliout  ot  tlie 
Rojid  Socirij,*  i*(t  u,  ISIS. 

7.  Owta,  Kidnrd.    "Aiutonij  of  tie  King  Crab,"  'TtanMctioaa  of 

ttnLinnaai)  Society  of  Uondon,'  lls73. 

8.  Packasu,  A.  S.,  Junr.  "Tlit^  DeT*lo|>inputof  Limaliu  polTpliemuR," 

'  UrnoiTt  o/  the  Bnton  Sociclj  of  Natoml  HiMnrr,'  lAJi. 

9.  FACStap,  A.  S,  Junr.     "Thu  .Anatomj,  tIUt«IofC)r,  aiid  Kmbryn- 

It^   of   LiiQulua   |ioIj|>htniUB,"    'AntiiTcrwi;   Ueuiuiti  ot   tlw 
Beam  Socii-IT  of  Nstuul  UinUir;,  ISbO. 

10.  Tam  BKVEBeH,  ndoMn).    "  D«  la  iiUce  4)ui  tn  Limulca  doivent  \ 
ocouprr  dam  U  dAauHcalion  iJcs  ArllrnifKutn,"  ."^ocictt  Kiiloso* 
lOKiqiieilc  DdiciqUF,  Uctobr.r.   t^il  (tr>iislu«d  in  ibe  'AiiMlt 
and  ]i1*|t.  of  Niluial  IJiflon,'  mi). 

11.  Vah  tiKE  UoEVtH.  '  KcclieittiM  »ur  I'Bivloire  Naiurdk  et 
fAontumie  ilus  Limttlrt,'  Lvtdm,  18^. 

19.  WiLcoi.  C-  D.  -"ntr.  Trilobila."  'Bulletin  of  tli«  Muteum  of 
Cr^fATAliTC  Zocdo^  kt  lliirrard  CoIIcrc,'  toL  vjii,  April,  ISSt. 

13.  Wuoii««Hi>,  llcnrj.  "  A  kloiiogn|ih  of  lli«  Briiisli  fuMil  Urro- 
staoMta,"  '  P*l»ont«gn|itikal  Soeiety  of  Luadosi,'  1S06— 1S7St  ' 


Te^t'ix'oJtt  of  ZoQt^y. 

14,  Cubs,  Carl.    '  Grundawe  dcr  Zoologie,'  fourlb  edtliom,  fitst  volusio, 
third  fuH.  p.  CW.  1S50. 
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IS.  GECE\'B;kER,  C&rl.    'Elenwals  of  Coii>|HinliTe  Aiuttunij,' 
IrantUlion,  ISiS.  y.  !M0. 

15.  HuiLKr,  Tho^  II.     -Th*  AattomT  af  InTertefarateif  A*ia^' 

1S77.  [>.2B0iiid  p.  37*. 
17.  lUtCKEU  (frnit.    '  Gcn«reile  H<upbdo|pe,'  ral.  it,  p.  xc. 

16.  Ote.s,  Ricluinl,  '  Leclum  on  IvTertebnle  AniiMU.'  IS43,  p.  IS 
lU.  t)TBAG>  UuKKflEiH  in  Appendis  to  Um  «nth  rolutne  Kf  itie  . 

traBtblion  of  Mccfc«l'>  'Companiive  Aiutomy,'  ISM. 

Entbrjfoloffi/  of  Arachnida. 

90.  BALFotm.  T.  M.     "  Nolr*  on  llw  Devetopment  of  Uk  Aranrm,^ 

'  Qtiiul.  Joiim.  or  Micr.  SeieiiMi'  rot.  ix,  IS50. 
SI.  MmcnsiKarr,  Mi«L    *'  RmbrTolacw  iIm  ScvrniaDs,"  'ZdUdinA 

rui  \Vi».  Znotoipc,'  Bd.  11^  1S70. 
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At  I  am  about  to  undone  the  conctueion  ftrrirr^l  Rt  bj  an 
rcminent   naturalist  of  the  first  lialf  of    thia  ceiuury,  vij 
I'Slmus  Diirkhrim,  it  wilt  tw  woll  tu  giw  hm  at  otin;  tin 
UrouniU  upon  uliirli  he  bat>Ril  that  cnnrliision. 

SlT8us    Durkheim    maiiiiained    thai    Limtiius  itliaulrf  be 
classified  with  the  Aiachuida,  but   the   publicatiun  of  hi« 
Tiows  oil  the  sulijoct  appciiTS  ni'vi-r  to  have  tak^n  a  wrr^^ 
definite  (ir  natitfuclory  foTm.     In   fact   the  oaly   reeoH  of^H 
Strnn»    Durkhfim'H   ii-acliing  on  this  xuhjcct  wbicli  I  cau^B 
find  is   in    the    French   translation   of  ^li-rkrlN   'Gt-neral 
Tteatiw    on    Com jiara live    Anatomy.'       MM.    Rimtrr    and 
Alpb.  Sinfon  cairird  wut  lhi»  tmnviaiion,  and  aildi^  manjr 
nolen  in  ih»  fonn  of  Hj)p»ndiiT«  to  t-noh  volume.     At  the 
rnd  ()).  4t)7)  of  ihe  bixih  vulumn,  which   twar*  the  dale, 
IKfit'lSSO,  iliere  is  a  noie  headed,  "Sur  VapiMrril  locomo-j 
leur  pHSiif  des  Arachnidfs,"  uhicb  a|)prarB  lo  be  an  «hwtnct| 
of  a  memoir '  On  ihe  CompaTative  Anainmy  of  ibe  ArBeh*! 
LJiida/  read  to  the  Acadrmy  of  S<irii<p-s  Jinu-  l«t.  i8?}t,  but! 
ftirMT,    1   brlicYi',  puhliRlimi.       SI.    Situus    Diitkhcim    com-1 
municatcd  iia  coutt-nis  to  MM.  Kiei'ier  and  ^iiM>n.     From 
this  note  I  submit  a  few  extracts.     The  author*  commrnce,] 
"  La  clas«e  dea  Arachntdps,  dnno  laquvlle  M.  Straus  ram-f 
prend  Ir  genn-  I.itnuU-,  formant  i.  lut-seul  un  ordre  dcs>|fti^1 
tout  le  noin  dc  (ixATHOPORKa,  m  d«nt  il  isole  V«  Ptcno-) 
(iiiMDRS  t|u'il  Tenvoie  aux  Cruaiarjs,  offre  daita  la  dispoei- 
tioti  de  ai>n  squel«ile  et  dta  tnusclee  qui  en  meuvent   l«a 
tliverscs  pit'ces,  des  particularities  tcllpment  tranch^i.>s  i|(t'an| 
»e   jwul   y   nteronnBitrc    un    typr    different.       t"eM    d-J 
squdciti^  que   Hunt   tit^^s   \e»   trails   piinripaux   pmpres 
chaiacteriser   Ui  clai*>R  des  arachnidra  en  general,  et  qtitl 
cunifUle   dan*   la  dttpoaitioa  dti  pallet  rayonnaut  tur  m»J 
turn   vomtnuH,  t/arta   hi  "iiu    tfemiuo  cvrlda- 

ux  itttiritrur,  dam  Tali    ■  ici,'' 
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The  Arachnitln  uro  tlicii  dUided  inlo  tlireo  grdcrs,  **1« 
{lulmonaires,  1««  bnnchir^res,  el  les  tiacht^ns,"  but  it  i»  not 
rexpliiiiied  whether  the  term  "  giimhopodes"  is  to  be  regarded 
tm»  vimply  a  synonym  of  ihi;  order  "  branchifcres." 

With  regard  to  ibe  internal  stcinum,  the  citation  of  tW 
views  of  M.  Sirmus  runs  hs  follow* :—"  Uans  rinierieur  du 
thorax  de  tons  Ics  arachniiJes,  A  I'esception  peul-fiire  des 
(i<»jru/e«doDt  la  ptupitTt  dea  esp^ces  sont  trop  pvliU'it  pour 
qu'on  putHKe  lea  iliM^<iuer  et  connnitre  Icur  orgariisation,  on 
trouve  une  piece  CiiriilitgiricuM  diveraement  oouligur^ 
auivant  Ics  ramilltia,  et  plac^e  dans  le  thorax  au-dessus  du 
ttemum.  C'etle  pt4ce,  h  InqucUe  convient  le  num  de  Btvrnum 
interieur  est  maint«nuc  librvmeiit  par  le  moTen  de  plusieur* 
tnuMl?4  qui  %*■  *uudent  de  diff^.rents  points  do  sa  suifaL-e  eur 
le  bouclii-r,  ou  sur  le  sternum  ext^ricur  atiqurl  ilo  ec  fixenl. 
£lle  ftert  en  oulrc  dc  point  d'insertion  &  un  certain  nombre 
de  muscles  Av*  patiea." 

Sinvv  llie  time  when  Straus  Durkheim  put  forward  Ihese 
views  a  mass  of  knowledge  has  accumulated  which  has 
tended  to  throw  light  on  tbe  affinities  of  Limulus.  Of  moat 
impoTtiiTicv  haa  bvcn  tlic  discovery  of  the  complete  form  of 
the  Uxly  of  the  palicozoic  scorpion-like  Atthnipoits  known 
as  the  hurypierina,  and  the  quite  recent  (1873)  thorough 
invcsttgiiliou  of  the  niTvous  system  of  Limulus,  by  Alpbonse 
Jliliif-I'UlwatilK,  and  furlht^t,  ibc  invoi ligation  of  the  de- 
velopmental history  of  Scorpio,  by  Metschuikoff,  and  of 
Limulus,  by  Dulirn  and  b;  Packard.  The  grndual  growth 
of  the  recognition  of  the  Anichnidait  affinities  of  Limulus 
during  the  last  tweuty-6ve  year^  is  obvious  enough,  and  yet 
all  Bjdtcmalic  wiilers,  and  all  who  have  especially  djscusseil 
tb<^  quotion,  continue  to  classify  Limului!  among  the  Crua- 
titcca  whilst  sj>eculaiing  uh  to  the  pouible  deiivaiion  of 
the  Aijchnidtt  fiom  that  form,  or  eUe  place  Limulus  in  a 
distinct  group,  neither  Crustacean  nor  Arachnidan. 

1  shall  endeavour  to  show  in  the  following  pages  that 
there  is  a  much  closer  agn-eineni  of  partH  l>clwccn  l-imulus 
and  the  AtKchniila  (especially  Scorpio)  than  has  been  hitherto 
admitted  by  any  one  writer,  even  by  Straus  himself. 
.it  appears  to  me  that  the  full  cxUnt  of  the  agree- 
lent  bvtwccn  Limulus  aud  the  Arachnida  has  never  yet 
been  stated,  for  whilst  this  or  that  observer  has  recognised 
one  set  (if  factB  be  \in»  overlooked  or  misinterpreted  another, 
aud  thus  undervalued  the  indications  of  affinity  between  the 
twu  forms  which  he  had  admitted  to  exist.  That  the  King 
Crab  i>  as  cloHfly  related  to  the  Scorpion  as  iit  the  Spider 
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liM  for  years  Iwftn  an  open  Becrct*  which  hu 
by  something  like  fatality. 

6.  Comparison  of  Limclus  asd  Scorti 

The  Arachnid  which  comes  nearest  in  siructtire  lo] 
is  the  Scorpion.     In  some  few  points  the  Sjiiden 
again,  ilie  Fhrynidic  are  more  clos«ly  aimilar  to 
than  is  that  animal.     I  ahall  jiroceed,  siretematically, 
a  compflH&ou  of  the  akelelal  and  chief  uKcmnl 
I.imulti«  with  those  of  Scorpio,  poinling  out  wbl 
genera  of  lirin);  Arnchnidu  come  into  cloMr 
the  former  than  liix-s  the  Scorpion. 

ia.  HERV0U8  SYSTEM,— A^  the  vi*w  which 
adopted  in  regard  to  the  agreement  or  dii>tincU)eu 
tently  corresponding  parts  in  Limutuc  and  Scoqiioj 
to  a  conatderahle  extent,  on  the  inilicatioun  affordi 
nervouN  syKlcm,  it  will  b«  tm  well  to  proceed  at' 
state  what  ia  now  known  with  regard  to  that 
hoth  Limuhis  and  Scorpio. 

For  a  long  time  our  knowledge  of  the  nervouf  <  _ 
Limulus  was  very  dcfrclivo,  owing  to  the  fact  th* 
badly  nreserveJ  spirit- specimens  had  been  disecte^ 
it  has  oeen  held  hv  Van  der  Iloeven  (11)  and  by 
that  the  nerves  which  supply  the  fir»t  two  pairs 
dages  take  their  origin  from  a  nervous  mass  in  (r 
<psophBt;us.     Dohrn  (1)  and  Huxley  (16),  on  tlm  otl 
haw  stated  that  only  the  nerves  to  the  6rjit  |iair 
dagee  are  prie-CD>ophagcal  in  origin.     It  was 
M.  Alphonee  Milne-Edwarda  (5)  to  demonstrata  bj 
section   of  perfectly  fresh  specimens  of  Limulus 
arrangement  of  theiM- parts.     I  am  able,  from  myow. 
tion  of  a  fresh  sjiecimen  of  the   same  animal,  lu^ 
Kl.  Milne-Etlward'e  descriptii'i    "'      _'.  I  tniist  any  T 
conlirmntion  is  a  mere  formal  iht^  beautifti 

in  which  that  inn' 


out  unmislakabU 
With  retf|^Mft 
tlie  B^^^^^^l 

^jerrniii  njiliim  ul  Scuniio,  Wi 

^^^kttitjnu,       Nu   KOllli'Jihf.  r-11 

II  ni  '"fj^^^^^^M 

^^^^  ncrrous 

^^^^B  thtt  aiil  nf  frr-K  ■jr^->iiii 

^^^Hmo  terv  tmpnriaut  majl 

If  anm«  dilfiunliy  Mi 
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Ijroulus  u  conccrnwl  in  spile  of  Packard's  recent  work  in 
that  direction  (Oj ;  iu  fact,  ihe  conipiinitivv  niintoiuy  of  tlie 
nervous  s;§teiii  of  Arthropods  Konerally  has  yet  to  be  placed 
on  a  6rm  histotogical  baBis,  and  until  this  is  don«  we  must 
oot  atiitch  a  very  great  impwrtnnce  to  tlic  rvsulu  of  simple 
dissection.  With  regard  to  the  iialcud-nye  appearance  of 
the  n«rvou»  My^letn  of  Scorpion,  we  have,  however,  the 
excerdingly  careful  woik  of  Ucorge  Newport  (6),  which  it 
worthy  of  all  cunfiileiicc,  and  what  is  of  more  imjKiriance 
wc  have  certain  embryolo^ical  data  furait^hed  by  the  investi- 
gations of  Metechiiikoff  (£1)  and  of  Balfour  (20).  The 
observations  of  the  Ult«r  zoologist  relate  to  the  Araneina, 
but  may  fairl}'  be  conbideied  as  confirmatory  of  those  of 
Melschiiikoir. 

The  central  ncrvoiis  system  of  Limuliif^  contistN,  acconling 
to  M.  Alph.  MihK-Kll^«ards,  (a)  of  s  dintiiiclly  emarginated 
braiu  or  cert-hral  mass  which  1  have  elsewhere  proposed  to 
call  the  Attctit-CKRi!{iK<;M,'  and  of  two  strands  of  nervous 
tissuo,  which  embrace  the  ote>ophagu»  and  unite  behind  it,  so 
as  to  form  (n)  an  oval  {ksomiaoi;al  cot.r^B,  being  continued 
backward  from  their  point  of  union  along  the  ventral  surface 
of  (he  animal  ns  (o)  the  abuominal  cuan  to  a  point  some 
distance  in  front  of  the  anus.  The  limbs  of  the  collar  arc 
united  by  from  three  to  eight  transverse  commissures  in 
front  of  their  point  of  union  with  one  another  and  behind 
the  WBOphagtiti.  From  th^  archi-ccrebrum  are  given  off  five 
nerves  only,  namely,  those  to  the  ocelli,  lo  (he  comj>ound 
cyn,  and  to  the  fronul  integument.  From  the  eesopbageal 
collar  a  great  numthrr  of  nerves  radiate,  including  those  to 
the  first  as  well  as  to  all  the  other  pcdifortn  appendages, 
and  also  the  nerves  to  the  chilaria  (or  melathoracic  eternitcs) 
and  lo  the  gt-nilal  opi-rculuin.  We  find  a  distinct  nerve  to 
each  appendajje,  and  a  numher  of  largo  It-gmntniary  nerves 
also  given  C'ff  from  the  cesophsgeal  collar.  It  is  important  to 
not))  that  the  pair  of  nerve*  to  the  genital  operculum  is 
derived  from  this  region  and  not  from  the  cord-like  prolonga- 
tion of  the  united  strands  of  the  collar.  It  is  also  imiwriaut 
(0  observe:  that  at  prirtent  wv  have  no  knowledge  of  ihe  exi.it- 
ence  of  distinct  ganglia  or  «nlar(;ed  maK»cs  of  nerve-cells  in 
the  oesophageal  collar,  so  that  it  is  not  possible  to  infer  frora 
any  such  fact  of  »truclurc  how  many  ganglia  corirs [ton ding 
to  an  equal  numher  of  segmenu  are  represented  bj  the 
ccMphageal  collar.  M.  .■Vlphonse  Milne-Ed  wards,  who  holds 
the  "chilaria"  lo  be  the  equivalents  of  the  Scorpion's  "  pec. 
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linifunn  organs,"  ooiuidcTi  that  eight  paun  of  gsncb 

thus  rciirpwnted,  a  pair  for  each  of  the  walking  legn,  «  pnr 
for  the  chiUm,  and  a  pair  for  ihc  geniul  opercwlum.     Tfc« 
"chiUria"  app«aT  to  mc  (■■  explained  WIow)    to  be  nnply 
"  atprnitM,"  anil  not  related  to  the  Scorpion'*  "  comlM;**  and 
and  I  should  therefore  ooosider  onlj  Mven  pain  of  «|;iiwit- 
tal  ganglia  to  be  represented  in  the  oe»ophnffcal  collar.    The 
history  of  dfrdnptncnt  i*  not  yet  quite  definitely  aacertain^, 
but  it  should  decide  this  point,  and  shoold  show,  tappaeiag 
the  view*  which   I  am  about  to  advocate  are  correct,  thai 
there  is  uo  ganglionic  enlargement  of  the  cord  correspondiBg 
to  the  "chilana,"  whilst  thv  ganglonic  enlargemrnt  froB 
which  the  genital  operculum  is  innervated  should  at  6nt  ba 
more  distincilf  nb<lominal  in  position,  and  at  a  later  period 
become  fused  with  the  six  ganglion-pairs  correapwoduig  to 
the  pediform  appendage*. 

The  third  portion  of  the  central  nervous  system  of 
iJniuluB  distinguished  as  the  ABt>oMi>AL  coitn,  strvtchea 
from  the  <£sopfaagoa1  collar  into  the  abdominal  regiott,  and 
Ives  off  no  nerves  over  a  djMce  cqnalling  half  its  total 
ngtb;  it  then  enUrgi>«  and  gives  origin  to  a  scries  of  8*e 
Wim  of  nerves,  of  which  the  first  four  correspond  to  and 
lapplv  the  four  first  pairs  of  branchial  feet,  whilst  the  fifth 
supplies  not  only  the  fifth  pair  of  branchial  feet,  but  also  the 
praunal  and  perianal  regions  and  the  postanal  spine.  As 
to  the  disposiiioQ  of  nerve-cells  in  this  abdominal  cord  wt 
ave  no  iDformntion,  that  is  to  say,  as  to  whciher  it  b 
_Owible  anatomically  to  define  separate  ganglia  in  ctMttMO- 
tion  with  the  five  groups  of  nerves  in  its  hinder  part,  or  ia 
any  region  iu  front  of  them. 

A  very  imjiortant  relation  between  the  arteries  of  Limulos 
and  the  main  nerve  trunks  was  fir*t  indicated  by  Owen  (18), 
but  more  fully  elucidated  hy  Alphouse  Mtlne-Kd  wards.  Thia 
consists  in  the  eniheathiog  of  the  oesophageal  collar  and  of 
Ihtt  abdominal  cord  in  an  actual  arterial  trunk ;  not  only 
this  but  many  of  the  larger  nerves  (those  to  the  limbs)  are 
ensheathed  also  by  bntnrbr*  of  the  sane  arterial  trunk. 
M.  Milnc-EtiwnnU  has  pointed  out  that  this  arr:  :  ia 

most  nearly  approached  in  Scorpio,  and  has  tiM  cha 

remarkable  agiccments  between  the  arterial  system  of  the 
two  animals— to  which  reference  will  be  made  further  no— 
though  hr  newriheless  is  led  by  other  coniidoraiions  wbieh 
or'-,  I  think,  erronvoas,  to  mfuse  to  Limulu*  &  irafitton 
amung  the  Arachniila. 
When  we  ' 
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with  tlinl  of  Limuhix  we  GnA  portiotis  prcciwly  ronesiiond- 
'ing  to  tb«  ttite«  uain  rff^ons  nbove  dixtm^iiiaheii  in  the 
'  latter  animal.  Antpriorly  viv  have  (a)  a  cerebral  mau 
supplying  the  cential  an<l  marginal  eyes  with  nerves,  (b)  a 
largv  DMophageal  collar,  from  which  radiato  the  nerves  to 
I  the  appendages  and  some  other  parts,  and  (c)  an  abdomitinl 
Icon)  which  teTiniiiaicit  in  th«  fourth  of  tho  narrow  prmanal 
'■ermcniK  «f  ihi-  boily. 

When  we  look  into  details  a  little  inon?  eIo!»<'ly  we  find 
SOtne  very  obvious  differences  between  these  lej^ions  aa  pre- 
aentcd  in  the  iieorpiou  on  the  one  hand  and  in  Limulus  on 
ihe  other.  But  it  must  be  reinemhercd,  in  regard  to  these 
(liffereDcea,  that  we  have  no  aecounl  of  the  Scorpion's  nerve- 
centres  derired  from  the  dissection  of  fresh  specimens,  nor 
of  the  actual  anan^ement  of  nerve-cells  and  netvc-fibres  as 
revealed  by  microscopic  rxaminiiiion. 

In  the  first  plan?  the  brain  and  the  oesophageal  collar  of 
Scorpio  are  more  intimately  fused  with  one  another  than 
■re  the  cones i>Qn ding  p>tTls  of  I.imulus.  Moreover,  the 
o»ophngenl  collar  is  relatively  more  muMiive,  and  exhibits 
but  a  small  |irtfoialioH  for  Ihe  [Mi«sage  of  the  very  narrow 
icjophaKua.  Instead  of  being  btid^ted  over  behind  tho  a;so- 
phagiit  by  tran:>verMe  commissures,  as  in  I.imuliis,  the  two 
halves  of  the  collar  apitear  to  Ire  flslteiied  out  here  and 
fused  with  one  another.  It  is  possible  that  a  more  accurate 
Itnowleilge  of  this  region  in  Scorpio  might  show  structure 
represRiitirig  the  transverse  commissures  of  Limulus. 

A  long  tract  of  the  most  anterior  portion  of  the  abdo- 
ntinol  cord  in  Scorpio,  as  in  Limulus,  gives  off  no  nerves. 
Itiit  in  accordiinre  with  the  eionf^ated  form  and  well- 
marked  segmentation  of  the  binder  region  of  the  body,  we 
find  that  nfier  this  first  tract  iherL-  are,  in  Scorpio,  seven 
wi^U-marked  ganglia  placed  at  intervals  on  the  cord,  the 
roost  anterior  of  them  sending  off  nerves  to  the  thint  pair  of 
lung-sacs,  but  to  nothing  in  front  of  this. 

With  regard  to  the  actual  origin  of  nerves,  it  has  always 
been  stated  that  the  first  pair  of  Appendages  of  Scorpio 
receive  each  a  nerve  from  the  pne-oewiphagcal  ganglion.  If 
this  were  absolutely  Ihe  case  it  would  mark  n  considcrablu 
difTi-rence  helween  Scoipio  and  Limulus.  Hut  as  a  matter 
of  fact  ineti!  inspection  of  Newport's  drawing  is  sutEcient  to 
shiiw  (hat  llie  nerves  to  the  cheliceitc  of  the  Scorpion  have 
a  lateral  position  embracing  the  true  "  archi-ccrebrum," 
which  supplies  the  lateral  and  central  eyes  between  them, 
and  whatever  may  bo  the  result  to  be  obtainet)  in  tho  future 
by  mictOKopic  srctions  or  study  of  fresh  specimens,  we  have 
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the  iniportnnl  emljryological  (act  due  lo  Metsclin'! 
confirnntd  for  other  Arachntda  by  B»lfo«t)  that  th 
(raiiglion  mass  from  which  ibe  nnrt  to  ibe  rhrlicer*  w 
aide  take*  its  orifjin  is  ywfe  indejifjuUnl  0/ tUt  ana' 
brum,  and  in  tlir  embryo  i*  placed  behind  iho  latter, 
the  side  of  the  (wophapiiB  right  and  left.    Tin's  teemt 
aufficient  to  jnatify  »  complete  SRsimilatioo  of  ihp  iwo  tl 
io  Scorjiio  and  Linmitir,  the  difiTereiiee  bcinjt  inervir  thai 
erobrjonic  fiuioo  of  the  archi-ceiebrum  and  lateral  n 
hfl*  proceeded  a  little  furlhcr  in  Scorpio  than  in  Linnli 
From   the  collar,  (hen,  in  Scorpio,  as  in   Limnliu, 
nerves   to  all  six  of  the  pediform  appcnda^  take 
oripn.     But  the  acrE«ment  extends  even  further  (bu 
for  the  nertes  to  tnat  region  of  the  Scorpion'*  bodj  1 
corrcxponds  with  tlic  gttniial  operculum  of  Limnhi* 
proccml  from   the  (esophageal  collar.    The  ^ttraetiM  i.lf  \ 
may  n»e  the  terra)  of  nerve  ori^ns  to  the  nctophagea'     " 
npiwars  to  have  proceeded  further  in  the  Seorjnun  [. 
Limulus,  for,  whereiis,  in  Limnlits,  the  fimt  and   renuiuM 
four  )uirs  of  branchinl  feet  nre  supplied  from  rhc  abdonhll 
cord,  in  Scorpio  thofo  pari«,  which  for  reamtiR  Io  be  gim 
below,  I  consider  to  repre^nl  the  first,  second,  and  tliir.i  J~~i 
Ihc  branchial  feel  of  Liinwlus,  all  appear  to  recciv 
Derr«a  from  the  cesopha^^al  collar.  «o  Ihni  it  ia  net 
we  come  to  the  represeninrive*  of  the  fourth  pair 
chial  feet  of  Limulus  fvi*.  (he  third  pair  of  lung  " 
below)  that  wft  find  in    ihe  Scorpion  a  nenre  Biip| 
the  abJoniinal  cord.     Thi»  phenomenon  of  th«  r 
forward  and  concenrrarion  of  nerve  origins  and  t 
nected  ff««({Ii«  !»  O'"^  suffirieally  familiar  in   viiriona 

of  animals.    The  fact  of  the  disi '—  "  •*■--— 
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inmctDg  with  thff  Urgal  elements,  we  most  oecaamuil;  n6t 
siraultaoeoiulj-  to  the  genenl  dtspositioD  of  the  eppeoduei. 
C^halothoracic  tfiyiU$. — la  Ijmulus  (woodcut,  fig.  1),' 
u  in  Scorpio  (woodmt,  fig.  S),  the  ■nierior  region  of  the 
bodr  is  covered  in  by  k  large  scleritej  which  U  known  as  ibe 
cepb«k>tboracic  ptate  or  cenpace. 
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Fra. }.— Ovlline  of  the  tennt  nrfMe  ol  ■  Koqiean,  Hatha  t^aelHi  {inn 
fren  tlie  ofaieel).  m^.  SiinfleejM  (meiwl).  or.  Qniuiiod  ejea  (l»t«nlj. 
J>jI.  Fait-«BU  (piM.    Idr  uiiu  u  on  tbe  ttcnJ  mafvx. 

In  Limultifl  its  marRinB  nre  prmlun-d  iind  its  iio*-     " 
Knglrs  cxttiidfd,  BO  as  lu  proilno-  n  form  nliicli  ililTri> 

'  It  ii  nnwttan  Ui  *UIf  (inrr  Foe  si!  Ilint  «hcre  not  ntlierviif  iMpruvrd 
1  dwe}!!  «!luik  nt  llic  Irmi  Smrpiu.  iw  Scoraion,  lu  itie  *p«CHa  J/mlim* 
A'ofiiV,  uf  tliiiii,  v'hii-b  happpiiB  lu  Lice  hreg  Uwt  itaJkil  bj  OM.  Uthcr 
tiwdes  differ  !■  Irdliuft  AtUm  from  tliia. 
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thai  «ppn  in  thr  Scorpion,  Wt  in  roKnitisI  pnitits  there  ia 
remsrVitWe  agreement.  In  both  the  ntrspac«  carries  two 
puiiei]  }(roup9  of  eyes.  Nearer  the  micMIe  line  is  a  »itiglc  pair 
of  simple  eyes  (w'),  vrliieh  in  Scorpio  have  an  almost  central 
pociliun;  more  laterally  placed  (quite  laternllv  in  Scorpio) 
It  a  group,  on  either  fide,  of  simple  eyes  (oc),  which  in 
LimulDa  are  lo  cio$ely  affffregated  aa  In  form  what  is  often 
called  "  a  compound  eye."  The  compound  eyes  of  Limulua 
have,  however,  been  shown  by  Grcniicher  (3)  to  diffi-r  very 
much  in  Mruoture  from  the  compound  eyes  of  either  CruB- 
tflcc*  or  Insects,  to  which  they  nave  uGUnlly  been  asMinii- 
lated.  They  arc  more  correctly  inlerpreied^as  ihe  com- 
parison vritli  Scorpio  ivouhl  sugsest — as  an  nggregation  of 
simple  eyes.  Such  sn  affgregaiion  (varying,  according  to 
the  genus,  in  number  from  two  to  five)  wc  find  in  a  less 
compnct  form  than  in  I.imulus  on  the  right  and  left  side  of 
the  Scorpion's  cep  halo  thoracic  tergite. 

In  both  Limiihis  and  Scorpio  the  cephnlolhorncic  tergile 
covers  in  an  areii  cor n-s ponding  to  the  mix  leg-like  appen- 
dnges  which  are  present  in  both  animals,  and  may  therefore 
be  considered  as  representing  six  coalesced  tergites  (i  tovi). 
In  Limulus  the  genital  operculum  which  follows  upon  the 
legs,  and  aUo  the  roetathoracic  slernites  or  ehilaria  which  lie 
between  it  and  the  bnscs  of  the  last  pair  of  legs,  have  been 
by  some  morphologisis  regarded  as  also  indicating  tegmenta 
which  should  he  reckoned  to  the  cephalothorax,  and  accord- 
in^'ly  eight  coalesced  loigifes  have  been  supposed  to  con- 
stitute thv  carapace  of  ihc  King  Ciah,  whilst  only  >ix  can  be 
reckoned  for  the  Scorpion.  In  toality,  however,  the  ehilaria 
are  not  appendages  «t  all,  as  is  proved  hy  their  late  appear- 
ance in  development  (Packard,  8J  and  their  form  ;  they  are 
vimply  ttlernites  corresponding  to  the  pentagonal  siemiie 
placed  between  the  bases  of  the  last  pair  of  legs  in  Scorpio 
(woudcul,  fig.  6).  As  to  the  geniinl  operculum  of  T.imulus, 
though  iu  the  adult  it  is  in  some  mea»un!  adherent  to  the  re- 
gion of  the  cephalothorax,  yet  it  has  a  lei^^a)  area  correspond- 
ing to  it  in  the  a&iioinina/ carapace,  and  in  the  embryonic 
Limulua  is  clearly  seen  to  belong  to  that  region,  and  not  to 
the  cephalothorax.  The  innervation  of  the  genital  operculum 
from  the  Eesopbngeal  nerve-collar  has,  as  already  pointed 
out,  no  weight  as  an  argument  in  favour  of  the  u.<*ocimion  of 
that  coalesced  jiair  of  app4:ndagcs  with  the  cfphalothorax, 
fur  ou  the  very  Gome  grounds  it  would  be  necessary  to  asso* 
ciate  a  large  |iarl  of  the  middle  region  of  the  Scorpion's 
body  {w  far  as  utid  iiieluitivc  of  the  second  pair  of  pulmonary 
eacsj  with  ilie  cephalothorax. 
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Ahdemiiial  Urffilet. — Following  npon  l)ii>  n-jilialotboracic 
pUte  we  b&ve  iu  the  Scorpion  seven  wide  Uand-like  Ktemit 
to  wMch  succeed  five  narrow  cylintlur*,  the  dorsal  pari 
each  of  whicli  is  tergite,  and  solidiv  fused  wiili  che  renir 
half  or  tiernite.  In  thi^  last  of  tlteae  twelve  8«gmRiil» 
placed  llie  anus  (in  fig.  2  ils  position  ia  roitrkcd,  though  it 
IS  not  EFi'n  on  account  of  its  ventral  poeition),  «»d  hejond 
the  anus  is  the  piwianal  «pinc  or  sttng. 

In  Limuluw  {fig.  1),  in  piaoe  of  the  seven  hand-like  and 
five  half-cylindtical  lergiies,  we  find  one  large  chitinous 
pUtr,  which  is  known  as  the  "  abdominal  carnp«ce.*'  In  its 
posterior  region  i*  placed  the  anita,  and  to  it  succeeds  a  post- 
anal spiiM;,»onieitin^,  hut  erroneouslv,  compared  to  the  cylin- 
drical segments  of  the  Scorpion'*  borty.  Clearly  enough  the 
postanal  spines  in  the  two  caacs  coirf.4pond  to  one  another. 

If  then!  is  correspondence  between  Limuliis  and  Scorpio  of 
segment  for  segment  and  piece  for  piece  throughout  (as  it 
is  the  pur|>o»c  of  tliiM  rssav  to  deinonslnttR),  then  in  tho 
abilcininat  carapace  of  Ltinulus  we  must  find  the  repre- 
sentatives of  the  twelve  segments,  which  in  the  Scorpion 
exist  between  cephalothoras  and  anus.  The  embryonic 
I.iinuluK,  as  has  been  shown  by  Pohm  and  Packard,  ex- 
faibila  in  this  region  of  the  bo<ly  a  series  of  s&paral«d  Wig- 
tnent«,wbich  fuse  together  ns  |;rowth  advances,  nnd  coDslilUte 
the  one  immo*ablu  abilomitial  cnrapace.  In  ihc  adult  the 
indications  of  the  former  existence  of  these  separate  seg- 
meuts  is  more  obvious  than  has  been  supposed,  lo  fig.  I 
1  have  indicated  bj  dotted  lines  the  serie*  of  ndges,  which 
can  bo  made  out  in  the  abdominal  carapace  of  an  adult 
JtimvItiapoiyi>iemtu,  aud  which  clea;-ly  mark  offa  nnmber 
of  the  original  segments. 

With  regard  to  the  general  form  of  this  region  as  com- 
pared with  ihn  liody  of  the  Srorpion,  it  may  be  pointed  oulj 
that  here,  just  as  in  the  region  of  the  cephalolhorax,  there  is 
nn  excessive  developmeut  and  exaggeration  of  tiie  tnarginj 
of  the  dorsal  intfgument,  so  that  the  central  area  marked 
out  in  the  figure  is  the  teal  "  body"  of  the  fJmulut,  and 
the  wide  spreadinf;  lateral  areas  ate  only  enurmous  rxcres- 
sn-nci*  of  a  relatively  siijierlicial  character.  It  is  not  dif 
cult  lo  (iiid  ntimfruu?  parulleU  to  these  pleural  develop 
ments  tn  all  gniupa  iif  Arihrupoda. 

Returning  to  the  examination  of  the  actual  uumher  i 
segment!  iudienicd  in  the  alMlominal  cjirapacc  of  the  atlulf 
l.imnlus,  we  find  areas  coiTi-s|i(iiidin};  tn  the  seven  wldt 
tcigiies  of  the  Scorpion  marked  in  the  dmwing  uf  Limulu 
by  the  numWra  vii  to  siii.     Correspoudiii{{  to  these  arc 
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are  D  mries  of  innrginal  pri>ceB»e«,  the  first  corresponding  to 
ihr  first  nro,  is  ti  meru  iini;ul.ir  procpM  of  the  intpgument, 
but  lh«  six  which  follow  i»t»  in  (ho  form  of  morahli!  npiiir^s.' 
Conv«poni)iii|;  also  to  the  six  Etj^ments  which  b«ar  the 
six  iipin«a  (that  i»,  to  the  nix  hinder  sugmonts  of  tbo  uvcn 
in  question)  are  a  seriea  of  pits  in  the  axial  regioa  of  the 
targom,  a  pair  in  each  segment. 


Fig  3. 

Tie.  S.^Vie*  of  thr  *bdo(nin*I  canpace  of  ItaaAx  pofyfilkmn  from 
below,  th«  wft  vtmiBl  rcgtoii  and  appendagei  of  the  uitciiar  sis 
KgmeDla  aud  llir  ilsotra  bavjug  b«<in  rcnovea. 

ne  Spim  m  to  xti  npon  the  drnninic  (drawn  from  tiie  object)  ata  {ilaoed  ' 
hj  the  lidca  ot  tfa«  tergal  cnlaiioptiyMa.    The  oontinnalion  of  tha  aams ' 
•eriea  (xiu  bi  ivui)  b  plawd  npoti  tb«  cluliiiiaed  (tcnial  ntrfae* 
of  Ibc  anacRawatad  region,  which  is  Limuln*  rtpreumtt  the  serenth 
aUoaiiaal  and  tlic  Ave  cjliadricid  prxanal  m^cdU  of  the  Soorpiua. 

Thcfv  are  deep  invnginations  of  the  inu'gumont  forming 
hollow  processes,  pushed  as  it  were  into  the  body  cavity  ana 
clothed  intcTDitlty  with  cartilage,  the  structure  of  which  has 
been  drscrilNtd  by  Gi-geiil>aur  (2);  tbi^y  ^ive  attachment  to 
aiittith-«  and  are  well  termed  "  eutapophyses  "  by  Owen  (7), 

When  we  look  in  the  abdominal  carapace  of  I^mulus  for 
representatirca  of  thr  five  cylindrical  pra-jtnal  ougmcuts  of 
the  Scorpion,  we  find  nothing  bnt  a  broad  smoolh  arci^ 
exiriiiliiig    from    the    marking    nhicb    indicates   the   hiiid 

'  Tlii'K  ipinnt  I  have  >ccn  rIowIj  taoTioir.  inilc[)iin^ntlj  of  one  another, 
In  Uia  livinit  Kiiig  Crab,  indicalinK  a  XTjinnLte  MUBcnlBlurc  for  eacli  aphie. 
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border  of  thv  thirteenth  ftefrment  (serentli  of  the  ■bdominal 
■erira)  to  the  sort  roecnhrufie  irhich  ri>rin«  the  hinge  of  tha 
postaiikl  apiiie. 

In  the  vnihiTO  Litntilun,  however,  this  »tv»  ia  further  aeg- 
ni«iilcil.  W<-  do  itut  ftitil  lh<!  five  w^mriUN  uf  the  ScorjtioD, 
but  we  find  two  of  which  (as  se^inenli))  no  indication  is  left 
in  the  nduU,  nnd  (he  foremost  of  these  cnrric*  ■  movnble 
aptne  ou  each  aide  tike  those  in  front  of  it. 

The  Anterior  oiniKin  of  the  wgnient  or  tract  of  the  bodf 
which  carries  the  anus  appears  to  bo  uniformly  in  Artfaro- 
poda,  and  in  aoine  other  aegmcnivd  animals,  the  part  front 
ivhich  new  aeumenla  ktow  and  become  individunlised,  and 
it  is  to  thi*  tract  uf  the  body  iii<:1uding  its  prtc-  and  post- 
anal regions  that  the  name  "  telion  "  is  applteible  as,  for 
example,  in  the  Lobster.  It  not  unfrequently  happens  that 
this  sejipnent-piodiicing  region  does  not  produce  the  full 
number  of  segntenin  in  given  examples  of  an  Aitbropodous 
class,  which  is  characteristic  of  the  mnjoritj  or  of  the  mor« 
futljr  scgmentwl  members  of  thu  cIhh.  Thus,  both  in 
Crustacea  and  Arachnida  we  find  numerous  forms  with  a 

duced  number  of  abdominal  segments.'     Usually,  however, 

in  the  spiders,  the  vmhryo  txhibits  at  some  time  of  it» 
derelopment  the  full  complement  of  st'gmenta,  the  hinder- 
most  of  which  Bubsequently  become  obliteiated  by  fusion  or 
atrophy.  Limulus  so  far  conforms  to  this  plan  as  to  show 
the  segmental  potentiality  of  its  prwana)  area,  but  fails  to 
exhibit  to  the  observer  the  full  complement  of  segments  oven 
as  a  tempoTiiry  aiTangement  of  its  living  aubstnnee. 

Accordingly  the  whole  area  postenor  to  the  ridge  mark- 
ing the  posterior  horder  of  the  thirteenth  segment  may 
be  regarded  in  Limulus  its  belon;;ing  to  the  "  tebon,"  or 
area  of  )>otential  segmentation,  a  certain  reservation  being 
obeerved  in  respect  to  the  one  or  two  minute  segments 
which  appeared  and  disappeared  in  this  region  in  the 
embryo. 

We  ma^,  when  comparing  this  condition  of  things  with 
that  exhibited  by  the  Scorpion,  eith/r  consider  thu  telsooic 
area  and  spine  of  Limulus  as  representing  the  five  cylin- 
drical segments  and  the  sling  of  the  iicorpion  in  an  unseg- 
menied  Mate,  or  we  may  insist  rather  upon  the  actuality 
than  the  protentiality,  and  identify  the  tirlaon  or  liflh  of  the 
eylindrical  segments  of  the  tjcorpion  (viz.  thai  carrying  the 
anus),  and  the  postanal  apioe  with  the  Iclsouic  area  and 
•pine  of  Limuhis,  whilst  regarding  the  four  anterior  cylin- 

'  Not«  also  tlie  evftnetcciit  chaneter  of  llic  tliree  Im(  sr-gmcnts  of  Thely* 
phonua  (Gg.  13). 
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drical  •^mcTits  of  the  Scorpion  m  something  over  aad  nbovc 
anil  not  develiiped  in  Limulus  xt  kU. 

It  seetnt,  howrver,  probable  from  tlie  evidence  of  extinct 
form*,  its  we))  as  ftom  the  abortive  M';;;nientation  of  ihu 
embryo,  that  Limulus  i«  nol  drrircd  front  au  nncestor  in 
wbich  the  trl«<>ni(:  arm  was  as  tiinileil  in  iia  prndtirtton  of 
iwgmrnts  as  ii  is  in  Limulus  itself,  but  on  the  coiiirat}-,  that 
ibe  ancestor  of  Limulu.-*  Iiad  (lift  full  complcmcni  of  seg- 
ments (and  po«sib)Y  inor«]  which  is  seen  in  bcurpio  and  tlie 
Euryptt^rina.  In  tnnl  case  the  pncanal  area  and  spine  of 
l.itDulua  would  not  merely  be  an  area  representing  the  6re 
cylindrical  x'gmfnts  and  stin^  of  Scorpio  in  polanlialily, 
but  wonld  be  the  acluai  n-prc»entati*c  of  those  segmeuU 
f;radunlly  reduced  and  fused  in  the  course  of  an  historic 
proocM  of  charge. 

11.  Appendages. — At  each  stage  of  the  comparison  betireen 
Limnlus  and  Scorpio,  the  proofs  of  the  intimate  affinity  of 
the  two  animals  become  more  convincing,  since  we  find  that 
the  view  which  it  is  necessary  to  adopt  in  order  to  make 
one  s«t  of  Ktructures  Bgre«  closely  in  the  two  animals,  is 
prcn"rly  the  view  which  it  is  necessary  lo  adopt,  wh<M)  a 
second  Kt  are  considered,  in  order  to  make  agreement 
possible. 

Wc  have  just  dealt  with  the  lergltes  and  hare  found  aa 
exact  correspondence  of  piece  for  piece,  with  the  exception 
that  four  privanal  segments  are  suppressed  or  live  fused  in 
LimuUi*  which  are  dbcreiely  present  in  Scorpio.  In  order 
to  admit  such  an  agreement  of  piece  for  piece  as  lo  lergites, 
we  have  lo  rrjcct  tne  view  thai  the  chilana  and  the  genital 
epvnnjlum  represent  segments  belDiiging  to  the  cephalo 
thoracic  tersite,  for  in  that  case  the  cephalothorax  of 
Scorpio  would  be  a  fusion  of  six,  whilst  that  of  LimuluB 
would  b«  a  fusion  of  eight  pieces. 

When  we  come  to  examine  the  sternites,  we  shall  find 
that  the  exclusion  of  the  chilaria  from  the  series  of  appen- 
digt'it  U  exactly  what  is  n-^iiireil  in  order  to  identify  the 
stertiites  of  l.imulus  with  those  of  Scorpio,  and  the  removal 
of  the  genital  operculum  of  Limulus  from  the  cephalo- 
thorax makes  its  identity  with  the  genital  operculum  of 
S>corpio  even   more  obvious  than  it  would  otherwise  be. 

The  sis  pairs  of  appendages  of  the  cephalothorax  of 
Limulus  may  tic  compared  one  by  one  with  the  six  pairs  of 
Scorpio. 

Cep/mfolfieracic  appmdage.  No.  J. — We  have  already 
disposed  of  the  obstacle  which  has  been  always  raised 
hitlterto  when  the   cbeliccia;  of   the  Scorpion    have   been 
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amtinilutcd  to  tlic  cheliccnc  or  first  [lair  of  UdiIm  of  LimuluB. 
Instead  of  there  being  a  difference  aa  to  iiincrvatioo  w« 
ha^te  soKn  that  there  i«  n  reut  ideotity. 

In  Limiilus,  each  of  the  fint  pair  of  appcadages  is  a 
■hort  pair  of  iijppeie  (woodcut,  Gg.  4,  i,  right)  com]M)»ed  of 
three  »clerit«s;  nt  the  base  of  the  tvto  appendages  and 
b<'Eweeii  them  and  the  mouth  ia  placed  an  ovate  etcrnilc,  the 
caniero§tome  or  upi>er  lip.     (Plate  XXVIII,  fig.  4). 

In  Si'oipio  (wowlout,  dg.  4,  i  left)  a  similar)}'  small  pair 
of  append ii^eit  is  found  aiiniUrly  composed  of  Ihiei'  Hcleritot, 
and  similarly  ovcrhani^n);  an  oral  "  canierostome." 

Crph.  thor.  apjj.,  Xo.  IT. — In  tlii«  and  the  following  leg- 
like appendages  of  Limulus  six  chief  flcterites  are  developcil, 
the  basal  one  or  "coxa"  being  much  enlarged,  and  its  in- 
tfriorbordvT  produced  into  a  wcll-niarkcd  process  provi<li>d 
with  tooth-like  hairs.  The  arTangement  of  the  limbs  around 
the  month  and  the  central  sicrnKe  which  follows  it  (prmt 
in  PI.  XXVIII,  fig.  4),  ie  such  thai  the  processes  of  the 
coxs  of  all  ten  limbs  act  together  as  manducatory  organs. 
The  process  of  the  coxa  may  l>e  called  "  the  sterno-coxal 
proecss  "  (tic.  in  the  woodeut,  fig,  4).  The  wioond  ccphalo- 
thoracic  appendage  in  the  kmAe  Limuiua pol^phemus  is  like 
the  third,  lourih,  and  fifth,  a  chela — that  is  to  say, the  penulli- 
iDVIc  iclcritt!  IN  produced  no  as  to  form  with  the  last  sclerito 
a  pair  of  nipi>ets.  In  the  male  this  is  not  the  case,  the 
M'cond  piair  of  appendnges  being  thicker  and  heavier  than 
in  the  fi-umic,  and  the  penultimate  joint  not  prnlimftcd.  Tt« 
form  of  appendage  seen  in  the  male  X.  poti////iemus  in  this 
position  is  similar  to  appendages  seon  in  other  Aruchnida 
than  Scorpio,  viz.  Thclyphonus  (woodcut,  fig.  12). 

The  second  pair  of  appendages  in  the  Scorpion  is  like 
that  of  the  female  Limulus,  but  rclatirely  largrr.  It  con- 
sists of  six  sclcrites  as  in  Limulus,  and  has  a  sterno>coxal 
pnicess  on  its  coxa,  which  acts  with  its  fellow  of  the  opposite 
side  as  a  juw  (woodcut,  fig  1,  u). 

Crphalo-thuracic  appendage,  No.  III. — In  I.imulus  poly- 
jihetiius  this  has,  in  both  sexes,  the  same  form  as  has  tlie 
second  appendage  in  the  fetnale.  It  is  similarly  coni]>OM!d 
of  six  Kcletittrs,  but  in  addition  to  these  we  find  a  distinct 
movable  eclerile  developed  on  the  median  border  of  the  coxa. 
This  sclerite  may  be  termed  the  "cpicoxitc"  (woodcut, 
fig.  i.  III,  epc.,  right).  The  i^pieoxilo  is  a  remarkable 
feature,  and  is  not  eunily  paralleled  among  Arlhropodn. 
The  basal  "  endite  "  of  the  limbs  of  the  Cnisiaccan  Apus  is 
similar  to  it,  and  perhaps  dcrivod  from  a  common  ancestral 
origin. 
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In  Scorpio  itie  third  crphalotboracto  ftppnntlAffe  i*  in  (lu 
form  of  a  walking  Wg,  and  as  such  has  seven  scteriles.  It 
is  n  remurk.iblo  fact  thnt  in  Limulur  thv  sixth  ceph«Io- 
thoincic  appeuilage,  which  is  iion-chelate,  alt>o  pn-Mmtt 
Mven  axial  sclerites  (woodcut,  fig.  4,  ti,  right),  so  that  tbt 
Scorpion's  amhulatory  limb*  do  not  depart  from  tho  posri- 
hilitittof  I'imulus  in  di'Vfloping  axial  sck-riti?!!  I>eyond  the 
number  six.  It  is  also  important  to  notice  in  this  connection 
thnt  the  Arachnida  rxhibit  a  gr(rat  variahdily  in  the  number 
of  joints  prt!s«iil  in  their  leg!).  Thelyphonua  dirvelops  a  four- 
jointed  "tarsus  *'  at  the  end  of  the  five  proxitnfll  sei>meiitt 
of  its  ambulatory  limbs  (nowlciit,  Jig.  13],  wtiiUt  Galeode* 
pmscnta  a  curious  inerease  in  the  number  of  segment*  in 
the  nroximal  region  of  its  hinder  limbs  (woodcut,  6g.  10). 

Tnc  moot  important  feature  in  wliinh  the  third  and  »ub- 
sequent  cephalothoracic  limbs  of  Scorpio  re»emble  iboae  of 
Limulus  is  in  the  great  development  of  tho  coxs.  The 
st«rno-coxa]  process  is  present  on  the  third  and  fourth 
cephalothoracic  appendages,  and  is  even  larger  relatively  thaa 
in  Limulus.  lu  the  third  and  fourth  limits  it  is  free,  overlying 
a  very  soft  minute  sternal  region  bclotvthenioiUh.  and  playin 
with  its  fellow  of  the  opposite  side  (he  part  uf  an  ingi-sti 
organ  for  the  mouth.  The  uanow  cleft  between  tbeoppnsi 
alerno-coxal  processes  probably  act*  by  capillary  ntttactio: 
in  the  taking  up  of  such  food  as  the  blood  of  other  animnls. 

The  coxie  of  the  fifth  and  sixth  appendages  of  Scorpio 
have,  on  the  other  hand,  no  (Vec  stcrno-ooxal  process. 

The  great  enlargement  of  the  coxm  of  these  fuur  pairs  of 
appendages,  and  their  encTonchmeut  upon  the  median  area, 
is  accompanied  by,  and  related  to,  the  suppression  of  any 
representative  of  the  sternal  sclerile  {pmst.,  fig.  i, 
PI.  XXVIII)  which  is  present  in  Litnutus,  The  coxn  of 
the  third  pair  and  of  the  fourth  piiir  meet  one  another  in 
the  middle  ventral  line,  but  are  separated  by  auft  memhranv. 
The  coxue  of  the  fifih  and  sixth  pairs  do  not  meet  thci: 
fellows  in  the  middle  line,  but  arc  kept  ajwirt  by  the  »i 
shaped  extremity  of  a  steroile  {mtt.  in  woodcut,  gg.  t) 
They  differ  from  tho  coxsc  of  the  third  and  fourth  pairs  in  thi 
the  fifth  is  adherent  to  the  sixth  (woodcut,  tig.  4,  t,  vi,  left.' 

The  base  of  ibe   third  appendage  in  Scorpio  eshihits 
development   internnl    to    the    stemo-coxal    piureHs,  whir 
corresponds  to,  arid  probably  repTiwentn,  ibe  "  ericTiiie 
Limulus.     This  is  in  the  form  of  a  morable  pi  /  >li 

fig.  i,  lit,  rpc.,  Wit],  which  presents  parallel   r.    „ 
•urfaee. 

CtphaUthoracie  appmdage,  No.  IV. — Appendage  Nq» 
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in   Limulus  closely  resembles  No.  lit.     As  in  No.  in,  an 
epicQxite  is  present. 

The  coTTespondinjf  appendaffe  of  Scorpio  liM  been  Rlrencljr 
meniiomrd.  It  has  sevuii  joints  nnd  a  iaige  stvrno-coxn] 
process,  but  no  «picoxile,  such  aa  (K«»rs  iii  itn;  limb  next  in 
front  of  it. 

Cfphalolhoracitj  appendage.  No.  V. — In  Limnlus  thia 
reMinblvs  Nox.  tit  noil  tv,  like  tbein  hnving  nn  epirmiitp. 

In  Scorpio,  No.  v,  is  a  ncvon-jiiinicd  aniViitlalory  liinh, 
with  largv  coxit  fusml  to  thv  coxn  of  the  ni'Xt  following 
appenila;tc,  hut  ili^void  of  stvriii>-cuxsl  process. 

Cepfiai&fhoracic  appettifaffe,  No.  VI. — In  Limulu*  thia  is 
ih«  i-haracteristic  4li>:^iii){  limb,  unlike  in  tht.'  special  niodi6ca* 
tiun  of  iis  parts  and  their  remarkable  fnticiion  (for  which 
see  llur  cilntioos  of  Lockwood  and  of  Lliiyil  in  '  Owcn'a 
Klfiiioir,'  No.  7)  any  othrr  arthropod  appendage. 

In  structure  it  is  riMuarkable  for  exiiibitiiig  the  feature  of 
secondary  movable  arthriies  diverging  from  the  asis  of  the 
limb,  nuuBUMi  in  Attbropoda  other  than  the  Crustacea.  S^-ven 
axial  st'teriies  or  segments  can  be  disiintiunhed,  the  coxa 
being  lai^,  as  in  the  other  lim)>s,  but  devoid  of  an  rpicoxite. 
()u  the  other  hand,  whilst  the  "enditv"  is  thus  alnvnt,  an 
"exiu!"  is  dovt'lopd  in  the  form  of  u  lliiltcni-d  etongaKHl 
piece  Riticulati-d  to  the  external  border  of  the  coxa  (wood* 
cut  fig.  4,  VI  «^  righl). 

The  second  and  thini  segmpnls  of  the  axif  are  devoid  of 
apophyses,  but  the  fourth  bears  a  large  spinvlikc  iirticulnied 
cnditr.  The  fifth  joint  of  the  axis  carries  four  flattened 
a|><>physes  (cndites    and  cxitee),    which  an?  articulated  ami 

pahle  of  active  mnvcmcni.  The  sixth  joint  bears  one  arti- 
Ciil<iied  tnidilr,  ami,  further,  the  short  teiminal  seventh  or 
ultimate  segment  of  the  axis,  which  is  ri'lutin-ly  much 
longer  in  newly  hatched  individuals  than  in  the  adult. 

The  sixth  cephalothoracic  apiH-ndagc  in  Scorpio  is  quite 
•intilar  to  the  three  preceding  walking  legs.  Its  large  coxa 
is  fused  to  that  of  the  firth  appendage  of  the  same  side.  The 
B]>inoun  outgrowths  on  the  sixth  and  seventh  segments  of 
Ibis  and  thi-  other  legs  are  in  character  somewhat  similar  to 
the  more  highly  developed  apophyses  of  the  di<;ging  limb  of 
Limulus. 

T7ic  aerenth  pair  of  appendagtrt  or  gemUil  operculum. — la 
l.imnlnti  Iviiig  between  tlic  Iuim-s  of  the  sixtli  pair  of  Cttpha- 
loihoracic  ajifx-ndages  is  a  pair  of  sclerites,  the  chilaria  of 
Owen,  actually  the  nietaihoiacjc  division  of  the  sternum 
(woo<leul  fig.  b,st.  righl),  which  belonRs  to  the  segment  carry- 
ing the  sixth  pair  of  appendages.  Precisely  simiUrin  position 
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bifiit  iiinr;;in  spcukK  of  such  an  origin,  anil,  us  m  matter  of 
faoi.  Slid)  iiiipciir"  tci  hv  itx  i'mtir3rolo^tail  history. 

I  dball  iterr  ijiiot*!  a  |iaasagi-  frutn  "  Ballbur's  Knibrj-ology,' 
ifcoutiting  AleischnikotTs  uhsi-rraiioiiH  upon  the  exHU'Dce 
of  iiiclinieutft  of  ap|ieiicla^es  id  ihe  «e)(iiiGi)lH  of  the  Scorpiun's 
hotly  fol)oirin)i  upon  the  crphalothorax  with  its  kix  pAirs  of 
limbs.  ThB  obm.-rvstiofis  bav«  grtat  importanci-,  not  only  iu 
reference  to  llic  genitiil  oprrculnm  but  »Uo  in  ri-giird  to  the 
pulnioiiiiry  tacs  and  tht-ir  " liraiichiul  books"  which  are 
found  in  HucceedioK  ses^^xts. 

Ituifiiur  saya,  "  Itudimentnry  appendage*  appear  on  iho 
six  Moments  kihind  the  iimbidalory  le^B.  .  .  .  They  persist 
onlj  on  the  eccorKl  nogment,  vrhrre  they  appear  to  form  the 
oonib-liko  organs  ur  pi-<^tinv)t.  The  liixt  nbdomiiial  M.-gni«nt, 
i. «.  that  next  Ihe  litil,  is  wiihoiit  provitjonal  np|>ciidaj{cs. 
The  FinbTyonic  (ail  is  divided  into  six  segments,  including 
the  trlson.  The  lauf;s  are  formed  by  (lairtMl  ttivngiiiations, 
the  walls  of  which  subsequently  become  plicated,  on  the 
four  last  se{!tni'nt.->,  which  bwir  rudiinentary  limbo,  and 
simultaneously  with  the  disupttcnrance  of  the  rudimentary 
liinha  "  (*  Coinp.  Km  bryology,'  fol.  i,  p.  S.W), 

Ileiicv  it  upixars  thiit,  in  Si;or])ii),  in  front  of  the comb-likc 
uigiini,  that  is  to  say,  in  the  puaitiuii  subHcquenlly  occupieil  by 
the  gctiiital  opercutum,  there  is  in  the  embryo,  as  in  that  of 
I  jmulus,  a  pair  of  riidimvnl^ry  nppcndag(.'s.  We  knuiv  thnt  in 
Limulus  these  grow  lugeihei  lo  form  the  geniiat  operculum. 
It  is  in  the  v^ry  highest  degree  [irohiible  that  the  same  hi«tory 
obtain*  for  the  similarly  related  genital  o|K'icultim  of  Scorpio. 

In  diai-US6in};  the  teigites,  it  has  alrendy  brcti  pointed  out 
that  the  genital  operculum  corresponds  to  a  sepnrute  biind- 
like  lergite  in  Scorpio  (vii,  in  uuodeut,  tig.  2>,  and  to  an 
emaigiiiaicd  nrca  on  the  anierior  border  of  the  abdominnl^ 
carapace  of  [.iniulua  (vti,  in  wiiodcut,  6g.  1),  which  is  mora 
dislinelly  lumked  in  the  embryo. 

The  et/jhth  pair  of  appendages. — In  Scorpio  we  find,  on  the 
ventral  surface  coiti'Sjiondiiif^  with  the  ei;;hth  tei;;iti-  (six  tcr- 
giie&beiog  reckoned  to  tbecrphiilolboraxja  pairof  »p|>enduges 
carrying  tine  liiniclln.-  M?t  like  llie  teeth  of  a  comb  iilinii;  the  in- 
feriur  iniit}(in  (ivoodcuts  Rg.  5  ija,  tefi,  and  tig.  V>  vii  i,  Wt ;  a««i 
also  I'laic  XXVlllj,  They  are  developed  from  the  second' 
|Miir  of  rudimentary  abdominal  appendages  of  the  embryo. 

In  Limulus,  in  the  curre^pondin}:  position,  we  find  a  [>air 
Afap|>endiiges,  the  liivt  of  uscTiesuf  live  pairs  (wondcuis  Gg.  $ 
ga,  right,  and  Rg.  t>  viii,  right).  The  uppcndagi^s  of  the  twa^ 
sidi>»,  n»  in  the  cai«  of  Ihe  genilxl  ojH-rrulum,  do  nut  divergi 
from  one  another  but  are  directed  towards  one  uuulhcr  and 
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Uiiiled  across  the  middle  line  by  a  soft  plate-Uke  rnld  iif  j 
Uernnl  Jntcgumettt ;  the  result  b«ins  that  a  plate-like  bud) 
formed  from  two  originally  diAtinct  nght  and  left  appendagM. 
On  the  under  surface  of  each  of  the  rombitted  appi-tida^ 
u  series  of  very  delicate  lamcllEC  is  found  atrretponding  te 
the  lamellifoTTn  Ueth  nf  (he  Scorpion'*  mmfilil;e  orffaru. 

Ninth,  teftth,  detmth,  and  tied/lA  apptrndagea. — lii 
LiiQulus,  corrcvpotidiiig  to  the  te^al  areas  mnrkitd  ix,  x.xt, 
xii,  nc  find  a  series  of  pairs  of  appendages  precisely  simiUt 
to  that  bclon)^ing  to  the  eighth  segment. 

In  Scorpio  ii  will  be  remembered  that  in   the  cmbiyq 
rudimentary  appendages  appear  corropondiug  to  the   fini 
«ix  abdominal  segmenis,  or  the  scvfiiih,  cigliih,  iiiuih,  tenihi'^ 
eleventh,  and  twelfth  of  the  whi.li;  t)ody.     Of  ihew;  the  first ' 
pair  we  have  wTii,  become  in  all  probability  the  genital  oper- 
culum; the  srcond  pair  are  known  to  become  the  "  |)ectinca;" 
the  (HiiTS  on  the  ninth,  tenth,  eleventh,  and  tnclAh  segmcnuJ 
diMppear,  aa  the  lung  sacs  on   those  eegmeuu  develop  by 
process  of  invagination. 

They  diwippvar,  but  only  from  view.     It  has  not  beea^ 
shonn  by  actual  oboerviition,  but  it  cannot  well  be  doubted, 
that  tJicM.-  rudimviitary  api)vndage«  sink  within  the  lunit^ 
invaginations,  and  lMH:ome    the   lamelligerous   app«nddg<r 
which  ar«  found  in  (hem  in  the  adult  Scorpion. 

The  four  pairs  of  stigmata  on  the  Tentral  surface  of  thi 
ninth,  tenth,  eleventh,  and  twelfth  iiegtiicnt*  of  ihr  Scor- 
pion's body  (woodcut,  fig.  8)  lead  into  sacs,  each  of  wbi-h  our 
lain*,  conoealrd  uitbiii  it,  an  appendage  consibiing  uf  an  axil 
bearing  a  series  of  delicate  tamellse  (woodcuts,  fijjs.  6  uil 
7,  IX,  X,  XI,  xti,  left). 

Each  of  these  concealed  appendages  is  strictly  cumparablr! 
in  structure  to  one  of  the  comb-like  or^ns  of  the  eighit 
Wgiueni,  thi-  axix  corresponding  (o  tlir  axis,  aud  ihu  drlicat 
latnelle  to  the  teelb  of  (be  comb. 

Thus,  then,  we  find  five  pairnof  lamcUi^erousapiiendage 
on  the  five  segments  of  the  Scorpion's  Imdy  numlKred  S, 
10,  11,  1£,  of  which  the  first  pair  is  external,  and  accordin};)! 
modified,  whilst  the  nent  four  are  sunk  below  the  snrfai.'S 
and  accordingly  modified.  In  Limulus,  on  the  exactly  cor 
responding  segments,  namely,  those  numbetiM  8,  9,  10.  IT 
li,  nc  find  five  p«ir>i  of  InmrUigeruiis  ap|>enda;;ea,  i>< 
are  all  exifrtia),  and  all  alike  modified  for  the  pu: 
aquatic  respiration.' 


■  Lfttreills,  Ibauek  brd' 
iciaa,  «M  (iie  llrsl  lu  Ihu: 
buqf'bocks 
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Fiittlirmiora,  U  is  imporiaiit  to  notice  that  in  Scorpio 
ifitlier  in  tliv  Dmbrfo  nur  »t  nay  other  time  does  tlie»ev«ntJi 
aWoniinil  flfgmvnt  (ihirwcntU  of  the  whole  seriev)  carrv  * 
pair  of  append agcK,  nor  do  any  of  the  Gubsequent  cylindrical 
segraente.  Similarly  in  Limulutt  no  nppondufje?  or  rudi- 
inents  of  nppendajtes  are  to  Ix;  d<-U'^:icd  aft«^r  the  last  pair 
of  UmelliK^Tous  organs — the  twelfth  of  the  wholi!  Hcric«. 

The  sc-gmrnted  le^ioii,  devoid  of  appendages  in  the 
Srorpion,  it  represcnied  by  an  unecgmeuted  i^ioo  devoid 
of  appendages  in  the  King  Crab. 

ItKfon!  entering  into  a  more  minute  comparison  of  the 
iBmetligciuus  ap|iendag;r)[  of  the  Scorpion  with  those  of 
Limulus,  with  the  object  of  establishing  the  idrntity  of 
^orijjin  of  the  two  series  by  the  detection  of  agrvvmeot 
^Ketween  ihKm  in  details  of  structure,  it  will  be  most  con- 
^Menirnt  to  examine  another  series  of  skeletal  elemenla, 
^Bamrly,  the  aicmiti.'*, 

^^    III.  Sternite*. — In  Liniulns.inthccephalo-lhorucic  region, 

we  flnd  that  the  iniegnm^tnt  uf  the  sternal  area,  though  to  « 

I      large  extent  soft  and  devoid  of  hard  chitinous  pluies,  yet 

I      pretenta  h^re    and  there   well-marked    nclcrites.      On  the 

I      eiib-frontal   urea,  a  sniRll  discoidal   piece,  the    sub-frontal 

srleiite  ia  found  (PI.  XXVlll,   fig.   4,  s/").     Iletween  the 

mouth  and  the  bases  of  the  first  pair  of  appendages  a  much 

,      moTV   ini[>ortant  scliTitc  occurs,  to  which  the  term  used  by 

l.iitri'ille  for  the  similarly  placed  Kclorilo   in  Arochuida,  viz. 

(lainvroKtonte),  may  be  used. 

In  the  Scorpion  (fig.  8,  in  front  of  the  mouth  to  which  tlio 
line  M  points)  a  eimilRr  tubercular  aclerite  is  found.  Tbern 
^^  advantage  in  not  merely  desienalini;  this  piece  "  Ubrum," 
^Hince  ihcTv  is  hnt  little  ground  for  holding  it  lo  be  equivalent 
^Hither  to  the  labrnm  of  Insn-ta  or  (o  that  of  ('ni^taeea. 
^^  in  the  Spider  .My^ale  (Kg.  9}  and  in  (Jaleodes  (figs.  10 
^aud  1 1,  cam),  ihU  eame  jiiece  is  obM-rved,  attaining  a  remark- 
able development  in  the  latter. 

When  wc  come  lo  the  rc^on  behind  the  mouth,  we  find 
in  Limulus  a  large  median  eclenie  extending  from  the 
pharynx  backward.  It  li<^s  Iwtwoen  the  base*  of  tlie  third, 
fourih,  fifth,  and  sixth  pairs  uf  eephalo thoracic  appendagrs. 
Un  acctiuDt  of  iie  puMtion,  it  may  be  teimed  the  thoracic 
promeso-slernitc  (PI.  XXVIII,  fig.  4, pmtt),  tinoe it  appeam 
to  represent  elcmems  which,  in  other  Aiachnida,  are  marked 
off  BE  distinct  prust^niito  and  mc^ostcTiiito. 

In  Scorpio  we  find  nothing  ioiTirx)M>iiding  (o  this  piece.  By 
thv  enlargement  and  mestad  production  of  (lie  c^xa^  of  the 
flour  hinder  cephalolhoracio  apjrendagea  it  lias  been  as  it  were 


Fu.  6  (*).— Tentnl  «sp«t  of  ■  mrpiaD  {SMm  JCodtii),  wiifa  tbe 

acfnolB  OMJlUd.  Dnwn  tnm  the  «bi«cl.  i  Id  vi.  Tba  mpIh 
tboncie  appeiulaga.  il  PouiU  to  thie  MmwmquI  pnec**  i^  i 
[TitM  dtcto.  ui.  To  Um  »l«nu>>ooul  ptMcm  o(  lim  fint  nlhi 
kg.  IV.  To  tlw  itetao-ooul  proctu  of  Uie  Mooad  walkinc  li 
mtt.  Tboncie  metastttiiitc.  mi  ya.  Tlio  fouiul  OftmuliiBi.  nu 
Tko  pMtiiMsi,  oc  eixliUi  pair  ot  stapcndma.  r.  Stemiu  at  ilie  idgii 
atgalmA.  tx  Ug.  xrtg,  xi  tig,  xu  tfg.  Sti)[iiuU  ImkUiik  iiit«  i 
fSimcaarj  tan,  eiNiUuuBg  tte  appeniiagu  of  tbo  niaUi,  leatk,  dann 
■nd  twel/lh  MgnxaU.  /.  Suraiie  of  the  thirtmntb  aesoeat  di 
oT  appeuligvi.    it.  Moulh,  u  fiant  oT  wbidi  b  ucb  tbe  ew 

ttOMC 

Fio.  9  (B),— Ventnl  ispect  U  ■  bird'i  nnt  tf-idcr  (Ujgabi  tpi.  tbe  \m 
ronored.  UrivD  frooi  Ibc  object,  i  to  vi.  C«|MhithonMiio  appB 
di^ECs.  V.  Uo«tb,  im  trant  ol  viiieb  b  wen  tbe  aueratlane.  p 
Tboneio  proelendte.  wtet.  'Aonde  omcatersite.  ito.  Tin;  ■partar 
of  Ibe  two  pvlaanafjr  mm  oI  IIm  kA  aide.  §"■  ueniul 
A*.  Astt*. 

oblttirraied.  A  similar  oblitciation  ha!i  taken  place  in  Onli 
(!)[;.  10),  but  in  Tlielypliouiis  (fii;.  Vi),  n  triatisular  si 
{</')  ift  founii  (tJioUffh  enoncoiiHlj  omitted  in  tbe  Jlgiin- 
in  Die  last  cdiiioa  of  CuvierV  *  Ite^ne  Aiiimal ')  iu  friiut  ■ 
coxie  uf  tfae  fouith  pair  of  cciihalothumcio  apjK-Dtlitf^. 
Tki!   AiBchaids,  which  cgaie  Dvarcst  ta  Lunulas 
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TtQ.  to  M)d  1).— Vtnlrnl  ftnd  doraal  upeel  »(  titleadM  sp.  (rram  the 
object).  I  U)  Ti.  The.  citplMloUiortieio  appraiU]^.  /.  Tlaoraoie 
rigM  lT*ciie*I  nicrlarc.  /»,  i».  Abdoniiuaf  trac(i«al  mpcrlurcs.  pg. 
GmiUl  kpcrtdi*.  rf.  Steni»l  Mirfiwc.  n.  Auus.  ivui.  CanieruiiKjuiii. 
W.  Ce^ttloUmracic  tergUe.  /.  Protliorwic  portina  of  Uic  Mplittlo- 
tteranin  Unt>**-  '*•  SepanUi  nwulborncic  tcigiic.  f.  ScfurKlc 
■MMboitcio  tergite. 

chnrnctrr  of  ihia  portion  of  the  slcmn)  nrea,  are  thu  Spiders. 
Iq  M}tple  (J/,  avictdaria)  tlic  ooxw  of  the  fivu  himlur 
ccphulutltoracic  pairs  of  apptMulagKR  am  arranged  around  « 
large  oval  sternilc  {fig.  9),  which  is  divided  into  two  portions, 
an  anterioT  BintU  pruswrniie  [pro)  and  n  lar)r<'T  m^BostcTniie 
{met),  Thi«  double  piece  appears  to  corrcupond  to  the 
0teniit«  of  Liinulus,  maikid  pm»l  in  fig.  4,  I'l.  XXVill. 

It  in  not  a  linle  rcmarkHlttc  that,  in  a  siructuin)  fi-aturc 
ohMrrvpd  in  I.imuluB  and  nal  ri-pcali-d  in  Scorpio  nor  in  any 
CrustaceaD  or  lutfcct,  the  closrxt  parallel  should  tie  found  iu 
auoiber  Arachnid  ;  it  in  reinarkahlu  hHcatmi;  it  lends  otill 
further  to  determine  Uie  asMxtiation  of  Limnluii  with  tb« 
Arachnida  in  dassifieatiuii  rather  than  with  any  other  gruup. 

Behind  the  thoracic  prumesovternile  of  Limuliis,  separattMl 
froRi  it  by  aofi  iniegutDeiit  and  poeivrior  to  (be  voxro  of  the 


7l0.  1!(aV— V«nml  wpcct  ofTliotyphoniM  (froM  UwobiMt).  i 
Cpyilinlotlioracic  appriii!n(ir> ;  thn  flr*t,  whir-li  u  nonoouod  bf  Uifl  i 
of  the  iiooonif,  it  reprcicolnd  u  rEniored  Inmt  iu  alUciunnt. 
gtrrno-cuxnl  prooot  or  llie  coxa  oi  ibe  IcTt  tteood  ifipriiilKji*. 
Tliorurk  prMtemilA.  «C.  Tlioncia  DielB»t«mil«.  vuiuwm.  Sct- 
■Dtrul*  of  tbe  abdomen.  /,  /.  Apntum  of  tb«  ligM  liwg  wc«  in  Ibt 
niulh  and  t(»lh  acganmU.  «uy.  IfuMnUr  MinMta  on  Ihe  •tcnuU 
of  tbc  t«nih,  cIctcDth,  twelfth,  Utirtetatb,  and  fixuteMtli  s^maol*. 
an.  Aiini'. 

Fig.  13  (ti). — l>onal  aipeclof  tbe  ^tdoBioal  Mfrni«n(«  nf  tke  hms.  f- 
Mu>eular  ptb  corriMpaiulitiR  to  Ibe  eulapoiJijMS  of  Litiialu.  fif. 
T<it  Joiut«il  pwUnal  DlimMt. 

Fid.  U  (o). — Abdoanbal  sccMCKtaol  tbe  mtkc.  with  the  Ufga  and  tnnn 
dlMccici]  away  (aftvr  Dlanehard).  •.  Ncric  coni.  ■;.  AbdoMHl 
nom  ftngUaD.  {,1  I'dmoiurj  uc*  in  ibe  ninth  i>d  tmiliirc- 
mtnta.  ■■  m,  m.  m.  Klaidn  oUaclied  lo  ^uaenltf  ilifpiiBU  oif  tk 
liMt  following  Mf  ineuts.    a».  Ann*,    pa/'.  Potlanal  flkaicnt. 

sixth  pair  of  (T|iba!otlioraci«  limbs,  wr  find  n  pair  of  rln-''r 
<i|)po»<!(l  ufKitiiiiiliiig   sclctileit,  the  (^bilaiiii  »f  Oni>ii  i 
PL  XXVllI,  fig.  4,  and  woodcul,  fig.  4).  Tlie  late  il<-v<  |a 
inetit  of  (befce  pieces,  as  determined  by  I'ackiird,  iis  wnlli 
iheir  nuitioi),  Uaveis  no   doubt  ibnt   tbe^  aie  not  tit  he 
«lrtll^ll,  OS  is  siippot>cd  by  noino,  as  Tuditnentary  apnenif 
Tbity  arc  a  pairvd  drrrlopintrnt  of  tbr  mrlalhuracic 
MINI  and  innj'  be  tle*igiiaie>I  iuctaster»it«i. 
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Thcj  liav«  no  rei>reRetitaliTe  in  Mygale  (6g.  9),  bat  here 
Scorpio  rvtiinis  to  ita  nllegiitnce  and  exbihita  n  welMevelopvd 
ftclerite  exactly  correspu  riding  to  them.  The  peiita^itkl 
aclmle  wedged  betweeo  the  coxie  of  the  lust  pair  of  cephalo- 
thuracic  Umba  ia  ScotplO  (woodcut,  fig.  S,  met)  clearly 
enough  agiecH  in  poxition  prvciitely  wiih  the  chiluria  of 
Limulu«  (eoo  «I»o  woudcul,  Gg.  &}.  It  is  true  that  tbv  form 
of  the  pcnt«K*»Mi'  metasteruitv  of  Scorpio  differs  from  that  of 
the  two  1)itl<!  tubi^rclea  of  Limulus,  but  tlic  eicluiiioii  from 
thv  fuiicticiii.t  of  ihe  mouth  of  the  foimei  Bufltcivatly  accouiiu 
for  the  difit^reuce. 

Ill  Thelyphonus  (ivoodcut,  fig.  12,  at,*)  k  triangular  meta- 
steruiie  corresponding  in  povitiuii  to  that  of  Scorpio  is  found. 

It  is  exncftiiigly  a.ilonishiiig  ihat  so  careful  an  ob«erver 
ns  M.  AlphoiiHc  Miliie-I'>lwardi>  should  have  suggested,  us 
he  hax  dune,  that  the  "chilaria"  of  Limulus  correspond  lo 
the  "  pMrtiaes  "  of  the  Scorpion,  since  the  former  arc  in  front 
of  atid  the  latter  are  bidund  the  genital  o|>i-rculum.  Wlivu  the 
puBubility  of  such  homologies  is  entertained,  it  is  but  a  natural 
consequence  that  the  complete  series  of  agre«menla  of  aegmeiil 
for  segment  and  appendage  for  appendage  which  obtains  be- 
tween Limulus  and  Scorpio,  should  be  entirely  overlooked. 

When  we  pass  to  the  ahdominni  spgmeuts  we  find  a  very 
considerable  difference  bctnccn  Limulus  and  Scorpio  in  tlic 
devfdopmcnt  of  su-niites. 

The  »ti<nial  inlegumont  of  the  region  at  (he  base  of  (he 
gfuiial  o|Kticulum  and  the  gill-Waring  ap|iendagi's,  is  almoftt 
entirely  soft  and  free  from  sclerites  in  Limulus.  In  Scorpio, 
on  the  other  hand,  whilst  the  sternal  region  around  th« 
genital  operculum  is  soft,  a  well -developed  stcrnite  (woodcut  > 
fig.  S  x)  is  found  supporting  the  prctiniform  appendages; 
and  fur  rach  of  the  five  following  scgnieuts  a  broad  band- 
like Mleriial  scleriit'  is  devehi|i«d.  The  four  anterior  of  ihesir 
nre  pirrforated,  each  by  a  pair  of  slit-like  a|iertures  leading 
into  four  pairs  of  recesses,  in  each  of  which  a  laraelligerous 
ap]>endage  is  sunk.  The  fifth  is  imperforate,  and  bears  no 
appendage.  The  Mami-nt-t  of  the  so-called  "tnil"  which 
follow  present  a  complete  chititiiKalion  of  the  integument,  so 
that  the  sieniitesofe^ch  >eginfnt  is  confluent  with  the  t'^rgitr. 

When  we  examine  the  sierna)  area  of  the  &egmrnl.-<  of 
l.imulus  which  carry  lamelligerous  appendages,  we  find  thai 
although  the  iuugument  ia  mostly  soft  and  Bexibic,  yet 
there  are  small  scleriles  present,  and,  in  fact,  stigmata  or 
apertures  haJtiuj  into  pits  corretpowiing  to  the  stigmata  of 
tJif  piUmonarjf  aact  of  ^oritio. 

Thciw  pambranchial  sii^niata  of  Limulus  have  hitherto 
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€fiCii[H-d  ohservAtioH.*  Tbey  ue  fouaii  dd  the  postcririr  hit 
of  ihc  median  sterDsl  elevation  or  lobe  which  utttUtt  ihit  tn 
lateral  elements  or  appcniixges  whicli  go  to  form  on^  nf  ihr 
double  lanirlligeruuN  oi^nR  of  that  iimtniil  fPlalu  X\  ' 
fig.  10  ilij,  i>ti(l  woMlcuts,  figs.  0  ami  7  sfff").  The  lij- 
stij^a art! <:)titiiiiHihl,  and  ihi?0)>unin;;  lead!) into  n  fiiniifl-hlu' 
cavity  with  chitiuised  walls.  The  sternal  integument  fimlirt 
shows  one  or  two  small  sclerilea,  the  *'  episli^maiic  Hcltnu*" 
(epat),  l>y  tlic  side  of  thv  stigma.  These  stigmata  i» 
the  position  niviiiiuu<!d,n»t  onljr  at  thv  baws  of  tb^'  . 
dages  of  the  four  s«gineiit«  corresponding  to  tboM  nthkit 
carry  tht^  pulmonary  aiigiuata  in  the  Scorpion,  nnntvly,  tlir 
ninth,  tenth,  eleventh,  nnd  twelfth,  but  also  at  the  base  dI 
the  appeudngee  of  the  eighth  segment,  which  rv{ir(n>ent  llw 
pectjnes  of  the  Scorpion,  and  at  the  base  of  the  gertiial  opu- 
culuto.  Thoy  art!  cunnoct«rd  with  thv  atuicbm^iii  of  a  Hfrin 
of  powerful  muscles,  ihe  Uioracu-branrhial.t,  which.  (akii« 
thc^ir  origin  in  the  iborax,  are  inurled  into  t\ip  i it ie;>utnt'nl 
right  and  left  at  the  base  of  fr«cb  of  the  six  pairs  uf  abdo- 
minal appcnda^s.  The  function  of  lhes«  tniisch>»  in  clearly 
ciiongh  to  agitate  this  series  of  plate-like  orsaiiit,  either  fnr 
the  purpose  of  rnpiriition  or  for  that  of  locomotion,  probably 
for  both  simnllam-ouoly. 

The  fact  that  the  insi^rtion  nf  a  muscle  into  tlie  inieg*- 
ment  of  rimuUis  is  connected  ivitli  *  "  cupping  "  of  ihi-  aiM 
of  atlachuieiit  is  remarkable  but  not  wiilioui  p:tr.-illi<|.  Tbe 
serie.t  of  dorsal  entapopfayses  have  a  precisely  similnr  signi- 
ficMtce,  and  tn  other  Arachuida,  «.^.  Tht-lypbonus  (tig.  lit 
nuff  fig.  13  p,  and  fig.  14  in),  we  find  an  idi>ntial 
arrangement  on  both  n^ntral  and  donud  surface,  thi-  st^ 
mata  being,  however,  much  shalluntT  tiMn  in  l.imuln«. 

I  am  not  aware  of  tbe  occurrence  of  such  "  niiiMnUc 
vtigniata  "  in  any  other  Arihropoda  than  ihi;  ArBrbiii(|it.^y 
any    ntle,    of  eligmata    comparable    to    tliose    nf    Limu^H 
Usually  tho  teodous  of  muscles  arc  in  Arthropodn  funnRI 
by  solid  fibrutia  extensions  of  ihc  subcpidermic  layrrs  of 
the  integument. 

The  ii-ndonsor  procevses  connected  with  the  pamlimtielittl 
stigHiaia,  anil  with  ihe  dorsal  enlapuphyattsuf  ) 
no  means  erstiielyftiimed  by  lheinva;;ii>iiied  i)'  ^^ 

cliilinous  product.  The  tifsue  Itcloiv  the  epideruiu  vt  ddf^l 
loped  ill  a  very  special  lunnnrr,  and  forms  part  of  an  vn^l 
skeleton  which  in  the  Ihomcte  ritgton  gives  rise  tu  a  v^H 
lemarkable  internal  sternum  or  ettiwteriiito.     Th«^|^H 

■  I  coaiiiiuaiiatcd  ui  •ccuimt  uf  ikeir  r^vuitcnn  and  iinAati^^^^H 
IbuiM  l«  tli«  Koysl  ihtcivlr  ou  May  WUi,  I88L  ^^^^| 


tlMPLCS  AN   AlUCHMD. 


f>35 


tiire  of  thit  <i(s>p  skeletal  tissue  has  bevn  inTcstt^^nted  bjr 
(legi^tibaiir,  nlio  hi»  Mhonn  that  it  mny  hnTe  the  forni 
eitber  of  a  6brou(i  or  of  a  more  di»tiiictly  oirlilaginouS 
modification  of  lh<!  connective  ttHaue  into  which  it  ^radu- 
ally  |>n»<e3,  and  from  which, on  the  other  hand,  is  developed 
in  other  rcRionc  n  series  of  ranciilar  channfU  conetiiotm;; 
the  eajiitliirirw,  veins,  nnd  «rtcri<-B.  On  thr  prwent  occiision 
I  do  not  jmi[KM<i  to  vnlcr  iiilo  hiHtoioi^ical  ilclaili  with 
regard  to  lJniuhi»,  but  I  may  jiiat  mention  tbnt  n-htUt  the 
hollow  entaiMphyses  are  invested  on  their  visceral  !iurf.tce 
hy  R  richly  developed  caitila^inous  modilication  of  the  con- 
nective nulwtance,  with  a  well  developed  capfulitr  arran<re- 
tnont  of  the  iti  tercel  I  idnr  siilmtaiiec,  ihr  fiinnel-likc  invagi- 
nations connected  with  the  parabranihial  stigmatji  are 
olothei)  and  continual  bv  a  fibrous  lisaue  not  unlike  the 
tendon  of  Vertebraia.  I'he  same  tendon-like  tissue  also 
forms  the  entosternite. 

In  Plato  XXVIII,  fig.  11,  the  internal  eonnflCtion  of  the 
pair  of  parabraiiehial  stii^niuin  of  a  lamelligcrous  ap{>en(la)>e- 
pair  ofLimuluH  i»  dmwti.  The  integiiTnent  hiw  Wen  dis- 
aecleil  away  from  ihc  whole  of  the  anterior  fnee  of  tho 
Rppcndiige<i  and  their  uniting  itlcrnal  bridge,  so  as  to  show 
the  inner  aspect  of  ihe  integument  of  the  posterior  face. 
The  pouch-like  character  of  the  invaginations  into  which 
tho  stigmata  load  and  the  attachment  of  the  thornco* 
branchial  muitclc  is  thus  exhibited.  In  fig.  13,  PI. 
XXVIll,  one  of  the  funiiel-Hke  tcndonj,  consisting  inter- 
nal!] of  chitin  borne  on  cpidemiifi,  and  externally  of  fibrous 
tissue,  is  shown  in  an  isolated  condition.  It  is  posaible  to 
introduce  a  probe  into  the  funnel  to  the  depth  of  no  inch, 
the  nxial  cuvity  of  invagination  extending  to  that  distance. 
The  funnel-like  pouch  of  Limulus  thuH  constituted,  1  ron- 
«der  lo  be  the  homologuc  (that  is,  the  genetic  representa- 
tive or  homogen)  of  the  pulnimiary  sac  of  Scorpion. 

It  will  now  be  convenient  to  give,  in  a  tabular  fonn,  a  sum- 
mary of  the  view  which  has  been  set  forth  in  the  preceding 
page*.  Having  thus  exposed  what  1  conceive  to  be  the  le^iti- 
ntato  conception  of  tlie  morphological  reUtions  of  Limulua 
and  Scorpio,  I  shall  endeavour  to  justify,  by  a  closer 
examination,  the  identifieation  (which  forms  an  essential 
part  of  it)  of  the  peclines  of  llie  Scorpion  and  its  four 
jmirs  of  book-like  organs  sunk  in  rcccsseB  of  the  integu* 
ment  with  the  five  pairs  of  lanielligerous  appendages  of 
Limulus. 

(The  tabular  statement  is  given  on  tho  next  pagf .) 
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UM  tries. 


TtayiM. 


Slmilu. 


Camerottoine    (•moil  Smill  ehels. 
tulwrcul&r    aclerite) 
iu  front  o(  tins  mouth 


Ccphalothontcic  corapurc 
with  ccniral  and  peri- 

plienl  uj'es. 


CbiAm. 


The  fttand  pro.  and 
niMoilioracic  »t«ni' 

ilM  (»  nnrrow  rloiig 
ntc  icIcritR  ulrctcii- 
infc  rriini  the  moutli 
lu  tltu  cliiiuin). 


Chain. 


Narrow  enjareinftte  Areal 
ai  IIjc  siiieri'T  hordrr 
of  lljc  ahiiominn!  cani- 
pace.    No  danai  pitB. 


Soft  lutcgiinieul   and 
ttieiiisiic  |>iu  (itiUB 
rutir),    posterior   lo 
base  of  operculiim. 


i. 


13 

Ut  pair  of  kter«l  spmof.  -g 

\»l  pair  of  dorsal  pit^.^ 

aod  cnlapoplijaet.        = 


Sud  pairof  UtRral  xpinM. 
!u4  puir  ofdonol  pita 
and  iintipuplijfscB. 


rhe  chilnrin  or  pnirad 
mclutoina,  or  mcLa 
thoracic  sternitei. 


ch«i«. 


QieliB. 


Digging  Icp. 


Qunital  opcroul 


Epigtipiatie  pair  of 
tclerites  and  ttigma- 
tic  pits. 


Epiali^niatie  pair  of 
Bclt^riica  and  atigma- 
tic  pits. 


1st  gill-book    paii 
projcoting. 


2ad  gill. book   pair 
pru)ealing. 
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SCORPIO. 


Jn-ita. 


Slmita. 


Ttrfitn 


Cbdicom. 


Ctmcronlome  (ol  Ln- 

trtiiie),  or  uji|)i'rlip. 


Cheic. 


Walking  leg«. 


i  WaUtiug  lcg». 


Wtlking  Ifgt. 


Obliterated  b;  the  me 
siut  exl«Q>iii»i  or  [be 
coia.-  of  lUo  (oui 
wiilkiu);  Il'^h  ;  llie 
tvoaatvrioriiiuTabie, 
tbc  I  wo  no*tcrior 
Rxti.  (In  Mj^nlcn 
diatiiictl;  marked 
jmtiil  jirolrhoracic 
slernilB  is  followeci 
bj  a  large  oval  inetHi' 
thoracic  aleniite.) 


Wallciog  legt. 


PentagODol     elnnfpitr 

icleriii!  or  mrtntbO' 
raoic  gtcrnilc. 


Ceplinlolhcmcio  carapncc; 
witb  oentral  and  peri- 
pheral ojc*. 


Qenital  operculum. 


So(t  integument. 


K  teparntc  narrow   bead 
like  sctcrito. 


PtotitiiV,  or  pair  of 
conib-lilc  ntguna; 
HI  Oil  i  find  gill-book 
pmjcclitig. 


Seponte  small  reot 
angular  iclcriic. 


A  aeparate  narrow  band 
like  tclerito. 


9  Itt   gill-book  pair 
■uiik  ill  pulmonar; 

iUi. 


AsenaralcbroafltriiBS- 
Y«r»c  wienie  with 
iligmnta  Iciding  to 
piilmonar;  b3ci. 


\  tcparale  baud>like  Mle 
rite. 
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10 


11 


LIMULUB. 


trn^m. 


M  piir  of  lateral  spines. 
8fd  pair  of  dunnj  pita 
anil  enUpoplijats. 


Ith  pair  of  ialeni  tpjna. 
4tli  pair  oT  donal  pUa 
»ud  piiUf ophftm. 


li  Bill  pair  of  Uttrral  tfrincB. 
5lfa  jiair  of  dara*]  pits 
uil  cDUpoplijacD. 


13 


Uk  pairof  UtcnIspiMa. 
Kill  pair  of  dorsal  piti 
Bad  enIa|iaphTata. 


U 


U 


Ont;  in  Ibe  eoibtTO  Ihts 
anrnenl  ii  Kpante. 
ana  ha*  a  7tfa  pair  ol 
lateral  iptnn. 


StmUa. 


Jffmd.ia. 


Rpintittmiaic   pur  ofSrd    piU-bocd:   fu 
acifritoi  and  atignia-      prujtotuqt. 
tic  fttt. 


BpiitijEDkalio  pdr  of^Uli 
Mdenln  and  atigma- 
tk  pila. 


ipIUbook 
protectti^. 


I 


KpivtiKmatJe  pair  oTiUi  gtTI-book    |bui 


•cleritM  and  stigma 
tic  pita. 


19   CM;  IK  the  cintn^o  thia 
MfMcnt  biadieitcd 


17 


18 


Tbeac  (fane  (Cftaania 
arv  M-Ter  espvnaca 
ami  aiv  ii}iiucBtad 
or  tac  j'l  fT'UBB  t^ 
pM  of  tfe  lelK». 


r 


pro|DCtiBg. 


Xmw. 


rtl«  fonninic  the  iter  ' 
nsmoflhe'Telaon,* 


,Naue. 


U.td  Xl»  pra-aaal  NoM. 
ngioB   af   potential' 


bdndeaaaoA  ian- 


tiialii  m  en  wWoh  No^. 
qNBailaavcL 
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1 

8COBPI0. 

_,_                                        

AnlM. 

ntfiln. 

10 

3ad  jtiU-book  pair 

mok  in  puiuODtu}' 

UG8. 

A  MpuaXe  broad  treaa- 
Tcno   aclchlc   «ritb 
RtiemaU  Iwdiug  to 
pubnonoTj  nes. 

&  tepuatc  band-like  tole- 
rite 

u 

iti  cill-book   pur 
wiumpalmoBkr] 
ues. 

A  Kputtc  brood  tnn«- 
itnc    (clcritc   with 
Blii;iniita  IcsiibK  to 
pulJiiouHrj  tacs. 

A  aeparatc  band-like  »dc- 
rile. 

IS 

tUi  sill -book   pur 
fuskm  [lulmonM} 
sacs. 

A  B«]>tral«  broiid  tnnii- 
<erMt    Klerile    will) 
liiKinata  lending  to 
pulmoiurjr  wc>. 

A  aepatvtc  bond-like  >dty 
rit«. 

13 

None. 

A  Mparat  D  b  road  t  rans- 
Ter»*  sclprile  dcToiJ 

A  separale    broad    baiid- 
liko  aclcritc. 

u 

None. 

Venlrol  kaif  of  a  dis- 
tinct cjliodrioal  «dc- 
rite. 

Dorsal  half  of  a  distincl 
cylindrical  sclerito. 

u 

None. 

Ventral  half  of  a  dit' 
Itnot  nliadricja}  kIo- 
rtt«. 

l>or>ftl  half  of  ■  diatinct 
cjliodrical  aderitci. 

16 

.Nunc. 

Veatral  half  of  a  dia- 
tinat  cjiiiidrieal  tcle- 
lito. 

Donol  half  of  a  diatinci 
cjliDctrical  icleritc^ 

17 

A'oae.                     [VcDtnl  baU  of  k  din- Donni  hit) f  of   a  duiluol 
ttnct  cjlindtic*!  kIc-  trjluidricil  iclorit*. 
rile. 

U 

None. 

Venlral  half  of  r  di»-!Donal  half  of  a  distinct 
liDcL  c^liadncal  *cte-)  t^lindrical  »d<hta. 
rite,    lb     irfaicli     i> 
plMol  the  AHCa. 

PoM-aaal  apine  or  sting 
(a  joinUd  S  aiue  nt  in  The- 
Ijplioaiu), 

TQL.  ISi. KB«  SIR. 
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I  v.  ne  Mmiaon  chu-ftcten  of  Uie  lamellig^eroos  appends^ 
of  Soorpio  and  Limnlui.— When  wc  haveouce,  on  the  prouo 
of  a  ccruiii  (feneral  agreement  In  ttructure  and  of  a  dcfinJ 
ideutily  in  relation  to  oilier  parte  which  corrvapooU  otitt 
another,  started  the  hypothesis  that  the  Umelligrrai 
ap[>en(lagC3  of  ihe  Scotjiion  agrer  each  to  each  in  their  ord 
with  the  InmelligeToua  appen(ian>!t  of  the  King  Crab,  li  „ 
further  pnJcefdinga  nre  nntuially  the  conseqarnce.  Wb 
inquire  fimt  of  all  whether  there  ate  any  less  olivioiui  agree- 
menls  in  the  utrnctute  of  the  orguiia  eoinpured  which  may  be 
bruiiffht  out  and  made  to  give  their  testimony  in  fsTour  of 
onr  hypothesis,  and,  secondly,  we  inqoire  how  can  we  farm 
a  pIiiii«iblG  GODCf'ption  of  the  origin  of  the  two  sets  of  struc- 
luti-M  from  one  set  of  organs  present  in  a  common  imcesiar 
of  Limiilua  nnd  Scorpio?  this  last  inquiry  baviug  eitpeeial 
Talue,  in  that  it  may  lend  us  to  give  due  vnlue  to  eCructurea 
prevent  either  in  Scorpio  or  l.iiAiiliiH  which  had  appeared 
previously  to  have  no  iip<-ciiil  siguificancc  in  the  matter. 

A  cloee  comparison'  of  the  lamelliKerous  appendagas  of 
Scorpio  and  Limnlus — including  under  this  head  the 
mctine«  nnd  the  pulmonary  hooks  of  the  former,  and  the 
Itrnnchiut  Ixioks  of  the  la (ter^-te veals  the  important  fart  that 
Ihey  ugiee  cloicly  with  one  anotliet  in  the  mode  in  whii-h 
the  lamellm  are  set  npon  the  supporting  axis. 

Id  all,  we  find  an  axis  siiringing  front  the  body  wall, 
IransverKe  to  which,  on  its  poalenor  face,  ate  set  a  series  nf 
lamellw.  In  onler  to  compare  one  of  these  appendages 
with  another,  it  is  necessary  that  nil  nhouhl  be  placi-d  in  one 
and  the  same  position.  We  must  be  careful  not  to  ouuipare 
llic  aatprior  nupecl  of  one  with  the  posterior  aspect  of  the 
Olbor.  1"  the  woodcuts,  figs.  6  and  i,  the  iHWlerior  face  i"" 
the  appendage  as  it  hanga  from  iu  sternal  atlachmeut  h« 
been  represented. 

There  is  no  difficulty  about  determining  this  face  for 
pectim-s  of  the  Scorpion  or  for  the  branchial  appendages 
Limulus,  but  the  pulmonary  books  of  the  iscoipion  requir 
Mdtne   consideration.     Supposing   tlieui  to  have   once  bee 
external,  we  must  supposu  that,  with  the  gradual  invngina 

*  Tlifl  icoixint  wiicli  1  Ri*e  m  IW  text  o(  tUn  luiitc.hnDks  a{ 
diffvre  s  stwd  dcwJ  bom  tlwt  wlikh  in  ciitrcut,  due  lo  Juli.  Mulier  u 
■M  u  l9iS.     I  btrenot  kaJspMiawniiuiTicieiill?  wcUtjnvetVMllneiiah 
too  to  litMtmini:  Ihe  rcUlian  sail  pouiUs  sdhoiioiia  ol  ili«  \m\Ki  vail  tl 
ih«  ]-H.i'.-'"i''r,  «>#■  'd.r  uiTDiriiinirif  ktrrriii  .^irfhiT)  10  the  Iraielln,  tnit  ha 

f„ril  B.     I  b0F«  '"  **  'We 

ti„.  ,      I  .  »  a  future  oocaaiuk  ■  mu  _ 
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lion  of  their  surrnco  of  allarhmenl,  l1i«y  have  become  more 
Kiid  more  (1v6vctet1  into  Ihe  cnvtly  of  inviiginatioi),  moTing 
oil  ili«ir  fixed  base  at  first  backnurJi!,  Iheii  u[»war»l*,  and 
flnalty  forwards.  As  wc  now  find  them  (in  a  spirit  Bpeci* 
men  !},  on  viewing  rhe  inner  siirfRCe  of  tlie  veDlTa)  ecleriles 
bj  rnmoving  Ihe  (ergs  nnd  viscorn,  (hi>jr  can  he  rotated  an 
their  hingo  line  bo  ihut  ihey  may  Ix*  made  lo  lit  {iroiif  for- 
wards, rxjMMiti!;  till'  itri^ma  or  opeiiiHg  of  the  [mlmonary 
rvecM  poiiieriorly,  as  in  IM.  XXVI 11,  fig.  1  a,  orlhey  mny  be 
made  to  lie  prone  in  thi;  rcvcrH,-  diriTtion,  hilling  from  view 
the  stigma,  a«  «hown  in  PI.  XXVIII,  fig,  2  a,  and  in  the 
woodcut*,  figs.  6  and  7.  The  position  which  correspondfi 
with  that  of  the  external  appendages  (he  peclines  nnd  the 
"ranchinl  organs  of  l.imitlu»,  when  vteived  from  the  posterior 
Wee,  so  ai  to  show  (in  the  esse  of  Limulus)  (he  lamellie,  i* 
tljat  in  which  (he  lung-book  is  dinrcted  biickward  so  as  to 
'hide  the  s(i){miitii:  Hp<-riure  and  iH  looked  at  from  wiihiu  the 
corpiun'a  iKHiy,  that  i>,  l>y  dissecting  otf  the  tcrga,  viMers, 
ftnd  muscles. 

When  the  pectines,  lung^books,  and  branchial  books  sre 
thus  placed  we  find  that  the  lamellie  are  not  set  precisely  ai 
right  angh'S  upon  (he  axes,  but  obliquely,  so  (hat  there  is 
an  inibriciidon  of  the  succe»sive  lamella.  In  all  three  it  is 
the  proximal  litmella  which  is  uppermost  (see  PI.  XVIII,  fig. 
S  and  9a  ^and  fig.  10  f).   T^^^  imbrication  it  idenfieal  in  off. 

As  to  «i/mft<r  u? lumcllu;,  we  find  in  the  jwcten  of  Buihm 
Sochii  eighteen  (in  other  scorpions  there  are  more  or  loss) ; 
In  the  Innit-tKiolis  of  some  scorpions'  a»  many  as  130,  and  in 
the  LimuliiK  gill-hook  as  many  as  1-^0.  These  nunifaen 
vary  slightly,  iucTe^ising  with  growth  in  all  prolmbility. 

As  to  ttructur^  oi  \>imv\\a-,  those  of  (he  picteu  ati;  more 
ftnlid  and  strongly  chiiinisid  than  those  of  the  other  two 
organs,  but  att^,  ueveillicb'sa,  true  InmelliU  flattened 
tratisvcrsely. 

Those  of  Ihc  lung-books  ate  exceedingly  driicate  plates 
comj>i)««d  of  two  closely  approximated  membranes,  between 
which  the  blood  circuhttes  ;  they  are,  in  fjicl,  flR(teuedbagH. 
Tliey  carry  on  their  frt-e  ma^ginn  a  few  chitinons  spiimTes 
(PI.  XXVIll,  fi;-.  »).  The  Um.llic  "f  the  giiM-ooks  of 
Linmlus  arc  similurly  delicate  Hatiened  bags  with  a  setoev 
hev  border.  I  am  nut  able  to  institute  any  comparison 
of  the  )iist4)logical  siruciute  of  the  lamellie  ul  the  Scorpion's 
lung-bouk  with  that  of  the  King  (.'tab's  gill-book,  fur 
although   1  have  been  able  to  tvork  out  that  of  the  Utter  on 

'  I  bcliuvu  'Jie  fonn  in  which  I  eoualcd  llicte  to  bv  s  a|>«ciu«  of  Aniltuo- 
tonns. 
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fresh  laateri^il,  no  nuch  oppoTtmiity  hu  yet  presenled  iuelf 
of  invc«ti<;aiinf;  ihe  Scorpion. 

A»  to  the  shape  of  the  lamellffi,  those  of  the  pecten  ve 
nsTfowerandreUtively  ihiukrr  thiin  thoe«  of  the  luiig-booii 
or  ^ill-books ;    the    whole  eighteiiii  arc   aUo  more  neuljr 
equal  to  oDe  BDothcr  in  size  anil  shape.     In  tho  lung-book* 
the  shape  differs  at  the  two  vxUctniiies  of  the  series  a  littfe, 
and  iu  iito  the  proximal  luminic  art^  much  lai^r   than  the 
distal.     The  average  shape  may  be  described  as  tbat  of  a 
broad  ecythe-blade  (PI.  XXVlll,  fig.  8)  with  a  narrotrbase 
auppOTt  (a  ^) .     'Hie  lamcUiu  of  the  gill-booka  of  Limulut, 
on  tne  other  hand,  are  approximately  Kmicircnlar  in  ehape, 
with  a  wide  base  of  origin   (a*  in  fig.  9,  PI.  XXVIlI). 
Moreover  an  important  iJilfGrt'ncc,  which  U  explained  fay 
the  convergrnce  in  place  of  divergence  of  the  axis  of  the 
limb  relntivety  lo  the  mid  line  of  the  bodT)  ia  m«r  whim  tbn 
lamellw  of  the  gill-book  and  of  the  taog-book  are  compared, 
in  the  fact  that  iu   the  gill-book  the  prosimal  lamins  are 
the  smallest  (PI.  XXVUl,  fig.  10  T),  whibt  in  the  lang- 
book  they  are  the  largest. 

Further  compartsou  of  the  grouping  and  form  of  the 
himdlie  is  fncilitnlcd  by  the  figures  on  PI.  XXVIII,  where 
fig.  1  and  fig.  1  a,  fig,  S  and  fig*,  it  a  and  10,  fig.  S  and 
figa.  3  a  and  3  i,  give  lepreeenlations  of  the  tliree  Tarictie«  of 
lamelligeroUB  appendages  in  a  aories  of  identical  uoailions. 
Fig.  1  itbould,  for  coin|Mri*DU  wilh  flg.  I  a,  be  looked  at  by 
inverting  the  plate. 

The  axes  which  support  ihe  lamellfe  in  the  three  Tarirtit* 
of  lainel)i;;eious  limb  differ  much  from  one  another,  but  iu  a 
manner  directly  corTi;^ ponding  with  nhvionv  functions. 

The  )ifctcn  has  a  large  free  axis  firmly  chitiniseil,  imper- 
fecily  divided  into  two  joints.  It  is  flattened  by  aniero. 
poetcrior  pressure.  The  function  of  the  pcclcn  ia  not 
actually  known,  but  it  apj>earH  to  be  tactile.  It  Is  not 
respiratory,  and  the  Scorpion  is  of  terrestrial  habit ;  hence 
its  comparatively  aolid  chamcter  and  prot«ctiv«  development 
of  chilin. 

The  gill-book  of  I.iniuluit  i«  supjiorled  on  an  axis,  whiph 
is  flattened  by  dorso-veuiral  jiressure,  protection  ttcing  thus 
afforded  to  the  otheinise  naked  and  very  dohcale  lamellK. 
It  is  not  free  except  at  ita  extremity,  where  it  vxhitiitia 
jointing  of  separate  chitinous  plnlr4.  Ita  base  is  very  wi<lt^ 
and  is  attached,  not  lo  a  flat  sternal  surface,  but  to  an  out- 
slandiDK  eternal  lobp,  which  extends  between  the  haaes  of 
feilow-appcndagrs,  and  pives  riw;  to  a   tc«t-Iiko  "i'  s 

in  the  median  line  (PI.  XXVlll,  mrf,  lig.  10).  Tl, 
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(er  of  lliU  &x\K  is  obvioutly  ati  Adaptation  to  tlic  hratichiitl 
fuQctiou  of  the  lameDc  eombined  with  a  locoiDotor 
fuDctiun. 

The  lung-book  of  Scorpio  has  no  locomotor  function,  antl 
it  is  piotecled  by  the  rvcvva  of  the  sternum,  in  wbii-H  it  Ilea. 
It  is  not  tsciiJe,  nor  is  it  eiposed  to  desicvnlion  and  rough 
us«g«,  a*  itro  th«  pectines.  It  is  sperialised  for  respiratory 
purpoaea.  'the  axis  ■•  cxcreilingly  smalt  and  simple,  for 
the  t^'ealer  part  of  its  length  adherent  to  the  iiiva);inated 
Rt^rnal  wall,  lenving,  however,  a  small  free  dtsia!  portion 
(see  PI.  XXVIII,  fig,  2a),  its  walls  are  (\wle  free  from 
chitiniealioD,  and  of  gr<^al  delicacy.  !t  is  little  pUu  than  a 
horiaoDlal  vascular  tube  supporting  the  lamvlliforni  bags 
into  vbich  iu  cavity  leads  (PL  XXVIII,  3  <i,  b). 

Tbough  the  aiis  is  bere  reduced  to  its  simplest  ex- 
preMion,  it  is  not  possible  to  overlook  in  it  the  rcprfcentalive 
of  the  vertically  compressed  chitiniscd  axis  of  the  ]>ecten, 
and  of  the  horizontally  compressed  chitinised  axis  of  the 
giU-book. 

V.  HypetbeaiB  u  t«  tfae  modo  of  origia  of  the  three  rarietin 
of  Unubgcrow  ftppondagoi  is  Scorpio  aad  Limolns. — Th« 
view  which  I  have  aitvanc«d  in  this  memoir  as  to  tlie  prac- 
tical identity  of  the  gilUbooks  of  I.imtiUiK  and  the  lung* 
bookaof  Scorpio  implicitly  contains  the  affirmation  that  either 
the  stnictiire«  of  Limulus  hsvc  been  derived  from  those  of 
Scorpio,  or  tho*e  of  Scorpio  from  thoM  of  Limuliis,  or  that 
a  third  (now  extinct)  form  has  given  rise  to  both  I.imulus 
and  Scorpio.  Further,  it  is  to  be  observed  that  such 
extinct  form  might  be  miin!  like  to  Limnliis  than  (o 
Scorpio,  or  vice  tersd,  in  resjiect  of  any  particular  element  of 
structure. 

To  make  n  long  story  as  short  as  po^ible  I  may  say  that, 
without  prejudicing  the  rt-cognition  of  the  (ax  I  think)  welN 
established  morpholo^cal  identities  above  puiiui'd  out,  we 
nay  best  explain  their  existence  by  assuming  that  an  aquatic 
form  br<!athiiig  the  dissulrcd  oxygen  of  the  water  inhabited 
by  it,  by  means  of  book-like  gills,  was  the  common  ancestor 
of  Limulus  and  of  Scorpio.  Ft-oni  the  book-like  gills  of  this 
ancrttral  form  the  broad  (wries  of  Limulus  and  the  narrower 
lutig-howk»,  ««  teeil  aa  the  ptxtinen  or  combs  of  the  Scoijiion, 
have  been  derived.  The  form  of  the  book-Hke  gills  of  this 
Ancbnidan  ancestor  was  probably  •omeihiug  intermediate 
between  the  three  existent  moditicaiions  of  it,  and  best  con- 
ceived of,  perhaps,  by  imagining  the  leelb  of  the  Scorpion's 
"  pectinate  organs"  to  become  soft  and  flattened  and 
increased  in  number  (see  PI.  XXi-X,  fig.  1). 
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incPTird  into  thfi  aafl  ventnJ  integument  near  ibo  base  of 
each  double  giU'pUte.  Tliew  muitclcs  ferrc  (togrtbt^r  with 
otbers  lUat  unlttr  ttiv  aii[i«ni)«ge  itself)  by  their  voiitraciions 
to  mow  tli«  Kill-jtlatea  iu  the  wHter  aad  §o  aid  in  aquatic 
Tr*intalioii.  The  position  of  the  ini<:'rttoa  of  each  muscular 
mass  is  niarkcrd  by  a  dvcp  funui.-1-iiiie  dcprcntiion  of  thu 
integument.  From  the  external  surface  this  depreuion 
appear*  as  a  "  stij^ma,"  which  wo  have  already  described  as 
H\&  parabranchial  Etigma.  Tlic  funnet-likc  deprcsdun  has  a 
narrow  luouih  which  is  often  as  much  as  half  an  inch  in 
length.  InlerniiUy  the  invaginated  cuticle  Btands  up  as  a 
flexiblfi  tendon  clothed  with  tibrous  tixMic  and  giving  attach- 
ment to  the  muscle  already  niitiitiDned. 

In  Limiilns  w«  find  a  |>air  of  these  "  muscle-stigmata," 
right  and  left  behind  the  genital  operculum,  and  a  pair 
(right  and  leftj  behind  each  of  tlie  lauellifvna  fused  appen- 
liagea  which  carry  tlir  gill-books. 

We  have  only  to  suppose  the  appendages  carrying  the 
gill-books  not  to  have  fused  as  yet  in  the  middle  line,  and 
the  muscular  stigmata  to  have  become  greatly  develo]>ed 
(perhaps  by  increased  development  of  the  mu»ele  aiding  in 
aquatic  respiration  when  the  appendage  itself  grew  small 
and  therefore  less  ellicient) and  we  have  at  once  the  gill-book 
■inking  witltin  the  area  of  the  Rtigmatic  pit,  PI.  XXIX, 
6g.9b. 

A  very  important  feature  in  ihe  supposed  further  develop- 
ment is  the  cornrspuiidvnce  of  the  ntrophy  of  the  muscle 
(which  atrophy  is  rcouired  to  fit  in  with  our  hypothcxis,  and 
to  convert  the  mu»cle-pit  into  a  pulmonary  sac)  with  the 
changes  in  the  structurvv  which  would  necessarily  result 
were  the  pbytiological  conditions  gradually  to  b«comc  such 
as  to  favour  aerial  in  place  of  aquatic  respiration.  The 
violent  agitation  of  the  gills  by  the  muscle  attached  to  the 
•tigmaiic  pit  wuuld  ht-cume  useless,  supposing  an  exposure 
of  the  gill-lamellcc  to  the  atmosphere  became  by  degrees 
habitual  with  the  ancet^tral  Arachnidan.  In  proportion  aa 
these  hypothetical  creattin.-s  ac<iuiied  the  habit  of  aerial 
repiration — the  deepening  and  arching  in  of  the  atigmatic 
pit  wuuld  be  favoured,  and  the  atrophy  and  final  di«ap|)«ar- 
ancc  of  the  muJtcle  whicb  was  attached  to  its  inner  surface, 
and  mrchanically  brought  it  into  existence,  would  also  be 
directly  promoted. 

A  farther  confirmation  of  the  view  now  advanced  is  found 
in  iho  remnrkahk-  East  Indian  AritchuidTht^lyphunu)!.  Thia 
Arachnid  has  tiui  four  pairs  of  lung-«Hcs  like  Scorpio,  but 
only  two  pairs,  corresponding  to  the  two  foremost  lungs  of 
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with  tbew  onljr  so  Att  u  that  it  is  «  fm  iotemftl 
piece. 

In  the  Khdominsl  rrgion  of  Limalas  Bmall  loose  fibn>- 
carttUgef,  similar  ia  nature  to  the  Entoctcmite,  arr  haai, 
coDuected  with  the  tendons  of  muscles.  I  have  isolatrf 
foul  such  pieces.     They  arc  nMntioDed  by  Straus  Ourkbvim. 

(T»  ^  amttmutJ.} 
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'l%e  Oboas  of  JacodsoU  i«  th  Rabmit.  By  E.  Klein,  M.D., 
F.B.S.,  I^turcr  on  UiatoloK>'  unJ  Embryologv  in  I  lir  Medical 
School  of  St.  itartholomew^i  Hospiul.  (Uiti>  KuU-i  XXX 
and  XXXI.) 

Is  cDoUnuatioD  of  the  mtcardi  of  the  organ  of  Jflcobson  io 
manuiuib,  tbat  of  the  guim-a-pii^  haviug  becu  descnbvd  in  the 
Jul uaiy  and  April  Duiiiuer»,  ISSl.of  tliis  Journal,  I  uow  propose 
to  give  the  TwolUiof  tlie  minute  examination  of  thiit  oi^n  io  the 
nbbit.  The  differences  in  the  microscopic  anatouij  of  Jacob- 
son's  ormin  in  tlie»e  two  rodents  arc  very  great  iiulccd,  much 
greater  Itian  cootd  be  anticipated.  That  of  the  rabbit  in  many 
rwpccts  comes  very  close  to  the  ideal  ty|>e  ubicli  tirdtiolct' 
dmKs  and  de»cribe4,  and  in  aUo  siniibr  to  the  organ  in  the  $hecp 
u  described  by  Balogh.'  'I'be  points  of  resembbnce  betwcm 
thai  of  the  rabbit  and  the  sheep  and  the  points  of  dissi'mbUoee 
between  that  of  tbc  rabbit  and  the  gviocifpig  will  be  fully  dia- 
cu»s«l  below. 

Ill  desc-ribiiig  the  ot^Q  of  the  rabbit,  we  aWt  talte  note,  sa 
uedid  in  thcguinea-pig,  of  the  surrounding parta, in  the  region  of 
the  organ  of  Jacobson,  biqc^.-  all  the  parts  constituting  the  organ 
of  JMob»on  bear  an  inlimatc  rvUtion  to  the  tissues  around  them. 

In  thi;  rabbit,  the  facial  part  of  the  bead  being  longer  titan  in 
the  guinea-pig,  it  naturally  follows  thai  the  iin«al  septum,  and 
coDscijUeiitiy  aUo  the  oi^n  of  JacobaoD,  are  of  greater  length  iii 
Llic  former  tliau  in  the  latter  animal.  When  fully  ex|>oiing  the 
front  part  of  the  Bcptam  oaaalc,  froin  the  dorsum  of  the  nose  to  the 
lower  nasal  furrow,  by  removing  Xhv  lateral  waU  of  the  nuw  as 
well  as  tlie  lower  couclia  or  lower  turbinated  bone — which  by  it* 
very  beautiful  piiention  contiaats  iu  a  oonspicuous  manner  with 
the  com  para  lively  smooth  Iowa  coocha  of  the  guinea-pig— the 

*  '  Ret&FTebet  Rt  rorgane  it  Jaoobaou.'  Patia,  ISIS.  p.  19.  anil  Mmw. 
>  ■  I)ai  Jacobton'MibB  Orgu  dcs  Sctefea,  Silnsgtb.  .1.  K.  Akail.  d. 
\V«»,'  xlii.  p.  i49. 
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Going  a  tittle  further  back  than  Gg.  i,  we  find  that  Jacobm'i 
outilairc  cliangeK  in  tirowny*:  Tiret,  the  curve  itself  is  not  nf 
moie  tbc  lowest  point,  but  lus  becom<;  turned  eligbllf  invarit, 
i,  e.  in  a  mcdiau  direction,  and,  secondjy,  tlirre  is  an  indJntita 
of  it«  Mvcrance  from  the  rest  of  the  lover  limb  of  Lbe  cuitibfe 
of  llie  laleni  mil  of  the  aa»al  furroir. 

lu  6g.  :i  both  (.!ieaechaugeaar«w(^  shown.  Still  rurtberhvt 
the  suvLTiincG  IB  complete,  and  Jacobson's  cartilage  forms  oowis 
independent  nnd  wcll-dctlned  organ,  of  tlic  slwpc  and  poatin 
ahownferjr  accurottlj  in  %.  3.  it  U  here  noticed  that  the  inaw 
or  median  labium  is  considerably  different  in  shape  £rom  thut  a 
Sg.  i ;  it  still  terminatM  iriUi  an  upper  sharp  margin  next  ik 
•cplal  cartilage,  but  u  posnewca  of  a  short  (riaignJii 
projection. 

As  i*  shown  in  lig.  3,  the  lover  naul  furrov  become*  ianp- 
Dated  into  the  concavity  of  Jacobwn'a  cartilage  a»  the  moath  of 
tlie  organ  of  Jacobson,  in  exactly  the  same  way  as  wn?  puiDt«d  uol 
in  my  Ust  paper  (•  Qunitcrly  Journal  of  ilicr.  Soi^'nce,  April, 
ISUl)  of  Jacobson's  organ'of  (he  guinea-pig.  We  moat  fiw 
the  present  omit  to  enter  into  a  detailed  description  of  this  open- 
ing, since  vc  shall  return  to  it  further  below ;  at  present  ve  will 
omr  concern  ourselves  M-itii  Jacobson's  cartilage,  and  trace  the 
backwards  all  along  the  organ  of  Jiicobwn,  of  which  it  fomn 
the  chief  support. 

The  next  tihtpe  of  Jacobson's  cartilage  after  the  one  sham 
in  fig.  8  is  one  illurtralod  in  fig.  4,  that  is,  the  extremities  of 
the  two  labia  hare  joined,  and  Jacobson's  cartilage  forms  uu« 
«  complete  cauRolo  around  tlie  organ  of  Jacobson,  which  is 
■  complete  tuDc  (IS,  Qg.  4).  In  this  shape  it  reaembla 
Jacobson's  cariilage  in  the  guinea-pig  in  about  toe  antnior  half 
of  the  organ  of  Jacobson,  as  illustrated  in  fig.  1  of  my  6ni  p«p« 
on  this  subject  ('Quarterly  Journal  of  Mict.  Science,'  Januarj, 
1881).  In  some  aections  through  this  region  I  notice  thai  tb< 
median  walls  of  the  capsule  of  Jooobeon's  cartilage  of  the  two 
aides  are  more  or  leM  contumous  vitli  one  anollicr  to  a  rery  small 
extent  in  the  lower  part.  But  in  this  shape  Jacobson's 
docs  not  esteud  for  any  considerable  distance,  any  more 
tlie  case  in  the  guinea-pig,  for  in  the  nbbtt  it  soon  ch 
this  metinirr,  that  the  capsule  is  discontinaous  in  the  apj>cr  wall," 
but  slightly  ilirertei)  ootwartU,  so  that  ve  again  distingn:^': 
outer  or  lateral  from  xa  inner  or  median  labium.  Owing  - 
(h'i>c»ntinuiry  Iwing  established,  not  in  a  ttraig'i' 
sltRliily  (>liltr|ue  and  outward  direetion,  it  follova  i 
la)<  '     literal  aoe. 

I  II  :   the  extrcmitT  of  the  outer  Ubti 
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beoMDes  much  tliickmed,  while  the  m«dian  labium  i.->  prolonged 
in  H(i  ui>wird  direction.  Tlie  ttiickcnini^  of  lh«  eictreniity  of  the 
lateral  tabinin  is  aoon  again  lout,  but.  the  median  labiumj  to  tho 
hind  end  of  the  org»n  of  Jacobvon,  goe->  on  stoadilj  increasing 
in  height,  the  lateral  Ubium  in  ita  height  remaining  tolerably 
stationaiT*  The  groatrr  pnrt  of  the  oi^n  of  Jnwbson  is  sur> 
rounded  by  the  cartilage  ol'  (his  nature,  i.  e.  a  trough-  or  hook- 
shaped  ptate,  of  vhicli  the  median  labium  is  mnch  higher  than 
the  lateral  one, the  former  resting  with  ita  upper  eitremity  aloot 
against  the  thickeoMi  lover  margin  of  the  septal  cartilngc.  The 
cartilage  bceoutrs,  at  (he  imme  time,  thinner  m  it  is  traocd  back- 
wards.  Fignres  '»  and  6  »how  these  pointa  rery  cli^arly.  All 
tho  Dgnre-R  having  been  drawn  «fjtb  tlw  camera  I'ncida  the  rcla- 
tjons  of  giie,  shape,  and  po^tition  are  perfectly  exact. 

From  the  relative  length  of  the  median  labium  of  Jacobson's 
cartilage  alone  it  in  casilj  possible  to  decide  which  of  two  eec- 
tion>  II  more  aiiteriur,  nz.  the  one  whose  median  labium  is 
shorter. 

As  the  bind  extremilj  of  the  organ  of  Jocobson  is  approacbcd 
this  important  change  takes  place,  riz.  the  lateral  labium  turns 
inwards  with  its  npper  exLremit/,  as  if  to  close  against  tlic 
median  labium,  and  the  part  of  this  latter  that  extends  o&ok 
tits  tine  Boooer  or  later  becomes  disconlinuouv  from  the  r«t 

Sttt  Sgt.  8  and  9),  and,  grjidunllr  becoming  nhorter,  altogether 
isappears,  so  that  at  the  very  extremity  of  Jacobson's  organ, 
vtt.  when  the  organ  of  Jacobwm  has  dwindled  down  to  an  ex- 
ceedingly JiDc  tube,  the  cartilage  of  Jaeobson  appears  in  a 
transreiw  section  of  an  annular  shape,  open  inwards  and  out- 
wards. 

The  cartilage  of  Jacobwn  extends  a  very  short  distance  beyond 
the  tube  of  Jacobwn,  and  it  i»  then  only  with  the  median  w^ll, 
which,  however,  soon  altogether  disaj>|>cnr^. 

Comparing,  then,  Jacobson's  cartilage  in  the  rabbit  with  that 
of  the  guinea-pig,  as  described  in  uiv  former  papers,  we  Me  this 
remarkable  dinercnoe,  that  in  tlie  ranbit  the  cartilage  extends  as 
far  as  the  organ  of  Jacobran,  and  even  beyond  i(,  while  in  t}]« 
guinea-pig  a  considerable  jiosterior  porlioo  of  the  oi^aii  of 
Jacobson  is  without  any  cartilage,  but  is  mrroundeid  entirely 
bv  the  bone  of  the  crista  nasalis  of  the  superior  maxilla  (mc 
Plate  XVII,  fig.  7,  of  Ihis  Journal,  April,  1S11). 

The  anterior  exireinity  of  Jacobsoo's  cirtitnge  is  in  both  ant- 
naU  very  difTcnwl,  as  is  noticed  on  a  coinparisou  of  figs.  S,  4,  5, 
0,  of  my  paper  in  ibis  year's  April  number  of  Ihis  Joania)  with 
the  (igoTes  c^  the  present  memoir. 

Id  the  guinea-pig  Jaoobson'a  cartilage  having  formed  a  oom- 
plete  captmle,  going  backwards  becomes  again  incomplete,  tin: 
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dcficintcy  affecting  tli«  lower  ind  out^r  wall,  Uie  plougb-«lt^H 
upptt  wiill  (>ee  Gg.  i!,  PI.  VII,  in  thin  jear'i  Januarv  number^ 
Um  Juurnftl)  being  the  last  part  of  Jaioobson's  caiuiage  to  in- 
appear.  In  the  rabbit,  on  tne  other  hauil,  it  b  the  outer  snd 
npper  part  of  the  capsule  which  bccomn  waatiog,  to  that  Jacob- 
sod's  cArtikKC  rcpreacnl*  a  Itouk-rluiped  or  trough-sbcped  otpa, 
the  oiKniBg l)«ug  in  the  upper  part  of  the  wall. 

As  refftrtls  the  presence  of  aii  inner  and  outer  tabium,  anJ  aa 
regards  the  elongation  of  the  former  as  ire  pass  backwarja,  there 
is  notliiiig  of  the  kind  in  the  guinea-pig.  The  cartilage  of  Jacob- 
son  a^frees  in  its  general  shape,  i.e.  Deing  a  trough -sun  pcd  plate 
vith  il4  Qpeuiug  directed  upvunls,  more  with  the  ideal  cariiiage  of 
Jscobsou  described  br  Grntiolct'  of  the  nuinunal,  and  to  flome 
limited  extent  al)ii>  nitn  that  of  the  sheep,  meotioned  bj  llalogh,* 
and  figured  hjr  him  in  figs.  15,  16,  and  17  of  his  plate  iv,  being 
here  represented  in  some  places  aa  a  troogb-Bh-iped  capenlc  vttS 
an  upper  opcninp. 

Another  point  of  dissemblance  between  the  cartilage  of  Jacobs  on 
in  the  rjibbit  and  guinea-pig  is  iIa  relntioii  lo  llie  upper  maxil- 
lary boue.  ^^ 

As  I  have  shown  in  figs.  4-,  5,  and  S  of  Plates  XVI  and  XVII 
in  the  April  number,  ISijl,  of  this  Journal,  the  cartilage  of 
Jambion  In  the  guinta-fiig  is  supported  sireadj'  in  (he  most 
anterior  part  of  the  organ  of  Jacobsoii,  and  even  3t  the  mouth 
of  this  l&tter,  bjr  a  Uuiina  of  osseous  fubitancc  extending  on  each 
aide  from  the  superiur  muxilta  on  the  inner  or  mediun  surface  of 
Jnoobvoa's  cartilage.  Thi»  bone  i»  in  reality  the  IVont  part  of 
the  crista  nasalis  of  the  superior  maxilla.  When  Jacobton's 
cartilage  has  assumed  the  shape  of  a  more  or  leas  perfect 
capsule,  the  bone  forms  an  almost  comntelc  capsule  aronnd 
Jacobson's  cartilage,  as  is  shown  in  figs.  1  and  i  of  Plate  MI 
in  this  year's  January  number  of  thi»  Journal.  In  the  pos- 
terior portion  of  the  organ  of  Jacubsuu  the  cartili^e  of  Jacobcon, 
ai  mentioned  previously,  disappears  altogether,  and  now  the 
organ  of  Jacobson  is  altogether  surrounded  by  the  bone  of 
the  crista  tiasalis  of  the  superior  maxilla.  Thus  it  is  in  the 
guinea-pig;  in  the  rabbit  the  relations  are  altogclhcr  of  a  differ- 
eat  nature,  s«  i»  sliown  in  Itgs  4  to  S. 

hi  the  ra/Ait  Jacohson's  cartilage  is  supiwrted  on  it«  bwer 
irall  by  the  intermaxillary  bones  xepamted  in  the  inedinn  line  by 
their  respectirc  inner  periosteum.  U'hia  reJation  is  noticed  already 
before  any  traoo  of  the  organ  of  Jacobson  is  reached,  and  it  remains 
the  same  past  ibc  region  in  which  Jaeubbuti's  c^rtik^re  has  assumed 
the  ^pe  of  a  complete  capsule  (ace  6g.  i).    Soon  after  this 
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pUcc,  whea  Jacobson's  cartilage  becomes  rhiitiged  into  a  Iniugb- 
»tui(ieiJ  capsule  witb  «ii  tipjwr  opening,  there  b  eeeti  bIoiik  its 
onlGf  or  lateral  UbiuuirautigrAduaUyclungatiDgBa  as  to  Tcacn  up 
to  tlic  upper  (-xticuiitj  of  tbi's  htlcr,  a  lamina  of  bone  extending 
trom  tlic  liiU'r:il  portion  of  tbe  itit«rmaxiUBry  bone ;  this  coudi- 
tion  i»  accurately  illustrated  in  figures  5 — D.  It  i»  alio  Dotkcd 
thai  Ihia  oaseDUs  lamina  sup^Kirting  the  out^r  labitiin  of  Jacob* 
son's  cartUase  lacroitics  slight)/  la  tiuokncw  tovardt  its  upper 
extremitT.  la  (he  poatcnor  vxtrcmihr  of  tbe  organ  of  Jacobsou 
also  tbe  inner  or  modian  labium  of  Jacobwn's  cartilagfi  receives 
a  bonjr  vnpporl  from  the  median  purtiuti  of  wch  intcnaaxillan' 
bono,  in  tbe  Hliape  of  an  oisaeout  Uinitta  extending  for  a  rvlatire^ 
gbort  distance  in  the  median  line  sepuralitig  tlie  Jacobvoa'a  car- 
tilage of  the  Ivo  sides  (we  6a,  S).  liut  in  no  place  does  the 
organ  of  Jaeobson,  or  rattier  Jacabson's  cartilage,  receive  a  luu- 
port  from  tbo  uit«rmaxQ]ar/  bonus  to  sach  an  extent  as  is  trie 
cate  in  the  {[uiDea-pig. 

In  addttioB  to  tbo  cartilages  deacribod  liiiberto  there  exists  a 
cartilage  in  tbe  rabbit  which,  as  farna  I  can  see,  ia  not  rppresented 
in  tbe  goinea-piff,  viz.  a  cnn-c<d  or  tron^h-vlintMcl  plntc  of  byabne 
cattiUgo,  tbeooDcnvity  of  which  citincidcH  with  ihr  loirer  naial 
fnrrov;  tlic  mtuXKismnnbranf  of  this  UUit  forms  iudcodlhc  lining 
of  that  lroiigli>shaped  cartilage  plate.  'I'he  tnoat  anterior  point 
where  (hi»  cartilage  is  met  irith  is  the  one  deoicted  in  Hg.  -L ;  it  will 
bo  seen  that  Jacobson's  eorlilsge  is  »  closea  capsule  ain)  that  the 
mucons  membrane  of  the  lower  UflMl  furrov  is  supjiorted  bj  a 
trougb-sbaped  cartilage  ptatc ;  on  one  side  the  !o<rer  nasal  forrow 
appenn  closed  as  if  to  form  a  tube.  I'lu-  fuct  is,  thnt  vre  have 
here  on  one  side  of  the  section  tbe  oppcr  fxlreinily  of  the  Slcnton'a 
or  Stenonian  duct,  or  tbe  naso-palatinc  caual>  vhile  on  ibc  oUiei 
side  the  commuuicalion  of  tliia  duct  with  the  loirer  nasal  fnrrov 
is  seen  widely  open. 

Just  n  in  tbe  s"iu«a>pig  so  «1m  to  tbe  rabbit,  tbo  Stcauoisa  caasls 
ojMo  tnto  the  nanl  fuiroir,  and  are  not  In  tuj  way  in  a  dirtct  eHatnoaica> 
tion  Willi  (be  OTgan  a(  Jsoobmu, 

llhc  t rough -sliaped  cartilage  plate  just  named  as  supporting 
tbe  mucous  membrane  of  the  lower  iws^l  furrow  i<  in  reality  a 
continoatioD  of  Steoion'a  cartilage,  i.^.  Ibe  carliln^  forming  the 
support  of  Sicnson'a  Ourt,  and  for  thi''  rrason  the  former  may  be 
caQed  tlic  Slcuaon's  or  8tenoiiian  eiirtilniie.  It  exteiitU  n^  far  as  tbe 
organof  JBCob$orii]oes  (tieii  &a.  9)  and  terminates  with  jMobsoa's 
c.ii"  It  iKUJiiiiterrupled  m  its  whole  exti'nsioti  anJdoea  not 
n!'  I  .  <)i«,  size,  or  lluckness,  except  at  its  posterior  ettrcmitv, 
where  it  sudden^  becomes  stiotter  and  thinner. 
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I  Dovoonieto  tbeeMeotialputof  thispaper,  viz.  the 
tion  of  the  stracture  of  the  ti«rae8  foraung  the  wall  of  th«  o^ruu 
OTtubes  of  Jacobsoa. 

In  tbe  guinea-pig,  u  hu  been  pointed  oat  ta  mv  (mpo  i' 
thia  Tsar's  April  namb«r  of  rhif  Journal,  the  mucoua  meniDnnt 
,  JiniDK  tbe  deplh-of  tbe  nasal  furrow  is  in  the  fmnt  part  of  ih 
p-uWorgiin  covered  witfa  stratified  panruu-ot  cpiUirihim,  and  Ita 
nincota  itself  contains,  like  the  muooMof  the  neighbourtngpaitf, 
a  plexus  fA  reins  lof^tudinalljr  arrui)^  and  io  infiltrated  wiie 
nuDi^roue  lymptt'OOTpUMle).  Tbe  same  epitlielium  and  stncmn 
of  tlip  mucoo*  nenbraoe  of  tbe  nasal  furrow,  except  tbat  th 
infittnition  vith  Ivmpb-corposcles  if  here  much  l<ss  uuirked  thia 
in  the  gninea-pig,  is  also  met  vHh  in  the  front  part  of  IIir  nan! 
organ  of  the  nbbil,  aod  I  can  Ihrrefore  pa*«  this  over  wiUiNi 
anr  fnrthrr  drtaiU,  and  viU  refer  Uie  rouler  to  figs.  1,  i  aai 
3,  of  the  pTMMit  ineuoir. 

As  iu  lite  guinea-pig,  so  also  io  the  rabbit,  therr  extrt*  as 
open  comommcAiion  of  the  tabes  or  organs  of  Jacobtoo  witi) 
the  lower  natal  fnrrov  bj  mean>  of  a  narrow  moath,  «tieh  as  it 
ehowti  in  Sg.  3.'  In  front  of  this  opening  wt  ootue  in 
mncoos  membTane  of  the  naul  fnirow  a  conspicuous  pb'. 
of  large  Tvins,  the  tissue  between  which  contains  bnni 
of  muscular  tissue,  tbat  it  to  sav,  we  have  here  a!n>adj  to 
with  a  aTcmoos  tiwne  nmilar  to  that  occvning  in  the  lateraT 
wall  of  the  ofgan  of  Jaeobsou,  at  and  about  tbemouih,  ^tirh  ut* 
ntprcMutecl  in  Sg.  3.  Tbeeavetnovs  tissue  is  a  cor 
of  the  mucous  nKBhtam  and  ooe&pies  tbe  pan  of  t)i: 
corresponds  to  tbe  lover  wall  of  Jacobsau  s  cartilase.  Tbe  , 
of  the  mucons  membrane  corrrsponding  to  the  meatan  Inbtum 
Jacobson's  cartilage  is  more  or  less  occupied  hy  glands  rxt 
downwards  and  apvards,  so  as  to  form  a  conlixiiitv  nitb  those 
coDtatoed  in  the  mucous  membrane  of  the  misal  furro*  aodsepiai 
wspectii'ely. 

All  tbcM  glands,  be  it  said  once  for  nil,  whether  is  the  wmll 
Jacobaon'sorgan,orin  tbe  mucous  membrane  of  (he  nasal  Hepti 
or  the cancba inferior,  or  tbe  walUof  the  nasal  fiirron-.are  a/i 
trrowt  glan4t  of  exactlv  tbe  same  nature  as  those  dr5;:ribcd  m 
fnnner  papers ;  tbe  ducts  are  lined  with  a  single  ki ' 
cetU,  whose  outer  nortjou  is  eoospicuDualj  SbriUatf  ntl 

salivary  tubes  of  I'ttu^r. 

The  month  of  Jicobton's  organ  ia  linnl  with  ^mtiSp,]  natr- 
ment  c(wtheliuia ;   the  tobepilbciiaJ   tissue  • 
Irmph-corimsdes,     Immediately  past  the  mnu:,. 
isstratifica  columnar  all  round  the  tumtn  of  the  d-  j 

'  ik]  fricad  Dr.  Rcuba  Banc;.  uT  [>ahlin,  tabnat  ato  tliat  |h  J 
tba  ia««  eonbtioa  ilso  in  tlie  m  anJ  <»t. 
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DT  Drgno  of  Jacobson.  The  lamen  beie  is  circulsT  in  traiiKv^rM 
Kctioo.  The  sa]>erftcial  Ujcr  of  the  cpitbdiam  Is  made  op  of 
toniol  or  cylindricjil,  the  (let-pot  of  inverted  conical  cells,  and  be- 
tween (he  two  are  pushed  in  inore  or  lew  iiuravrous  spinillc- shaped 
cells.  The  glaDd!>  occnpy  nl!  ptHn  of  the  cavity  of  Jacobson's 
cartilage  except  the  part  corresponding  to  itK  lower  wnl!«,  which 
is  occupied  br  tie  cacem^ut  Hutu.    Goniparc  tig.  %. 

Imnieiliateiv  after  this  point,  i^.  the  closed  tube  vith  circular 
lumen — hut  ifee  Jacobson  s  cnrtila^  is  not  yet  a  closed  capsule — 
the  shape  of  the  organ  and  the  disjiosition  of  its  psrta  change  ia 
this  manner:  the  lumen  is  now  oval  in  tmiuverse  aection, 
the  long  diameter  Iwing  placed  in  an  uiianrd  and  downward 
direction.  The  vslls  of  the  organ  of  Jacooson  may  coon-quently 
now  be  considered  a^  the  median  and  laierat  wall,  and  the  sulci 
whtrre  (be  two  meet  will  be  considered,  as  waa  the  case  in  the 
guiuea-pi^s  organ  (sec  my  former  |)apcr),  as  the vppcr  and  Uteer 
mi^iu.  Thecpithdtum  lining  the  lumen  is  stratified  columnar  as 
described  above,  esccpt  on  the  median  wall,  where  it  is  aemory 
epUAtiitmt,  th*'  structure  of  which  will  be  considered  miDUtefr 
below.  The  sensory  epithelium  ia  not  dirpctlr  continuoa*  witb 
the  e]>ithelium  lining  the  upper  and  lower  sulcus  of  the  organ. 
In  connection  with  the  epithelium  of  the  median  wall  ia  a  lymph 
follicic  of  considereble  size.  Tbiti  follicle  occurring  in  several 
eiioccBPivc  transvcrw  aecttons  it  follows  that  we  have  in  reality 
to  do  with  a  patch  of  lymph-follicles  extending  is  a  longituduial 
direction. 

The  lympfa-folliele,  together  with  the  nuntcrous  bundles  of  the 
olfMlorr  nerve  braDcbes  (s«e  below),  ocevpy  a  great  part  of 
the  median  will ;  the  upper  part  of  this  wall,  and  the  whale 
region  aboro  the  upper  sufous,  is  hlled  vit}i  Ktvm  plami* 
whole  ducU  opfu  into  Ike  upper  eulent.  The  lower  part  of  the 
median  wait  is  occupied  by  a  plexus  of  large  veins  which,  dilTrrcTtt 
from  the  careniona  tissue,  do  not  contain  any  non-slripcd 
tnuM^le  in  the  intcrititial  tissue.  The  prt  of  the  wall  imme- 
diately below  the  lower  sulcus  is  occupied  by  ternu  glantU 
whick  tend  titir  liuett  into  Iht  (oioer  Muicat ;  they  are  far  less  in 
nomhrr  than  tho^e  of  the  upper  sulcus. 

Th«  remaiiufer  of  fie  teaii  of  the  or$an  of  /aeo6*oa,  t.  e.  the 
InK'nl  w^l,  u  occtipirtf  ty  th«  carernoat  tioMe—A  plexus  of 
venous  vc«sels  or  sinuses  separated  by,  and  embedded  in,  a  mesh- 
work  of  bundles  of  what  appears  to  he  non-striped  mnsculnr 
ttssiK.  The  vrnous  vessels  extend  in  a  longitudinal  direction, 
while  the  bundles  of  niuacle  cells  extend  prevalently  tn  n  radiating 
diitetion  from  the  cartilage  towards  the  lumen  of  the  oiftan. 

At  this  point  which  wc  arc  now  describing  the  c])itbelium  of 
the  lateral  wall  rc^  on  a  thin  layer  of  mucoua  membrane  densely 
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tnfiUntcd  wHh  (jnopb-contDcfea ;  tUf    rtfijiitttHml 
lunitcd  b/  a  lliiu  Uya  of  ektitie  fibres  nutniBg 
loBffitudiiul  Jifcetion,  and  it  U  liU  rlaitk  tt^tr,  vfaji^ 
(oraing  the  iiuicr  bunuUrj  of  ihe  nvcniDiu  ti«aw 
at  tbe  Mue  titue  Ibo  inner  iusertiuu  of  ibe  buidiei  of  iia»-iCiM|y| 
muMalnr  celU  mentioiied  above.  ^H 

lliB  next  point  we  have  to  connder  is  the  "■■«■■*"  ^rtjim  of  flH 
walU  of  Jacobwn'e  organ  at  a  fH/tnt  «  Dttlc  rnrther  befaiDd  JB 

,  ow  jiut  docribedi  >. «.  wben  the  cailiiage  of   JaoobsQB  W 
bcoonM  eloaed  »o  as  to  form  a  cotnpletc  cafwnle.  «ach  u  » 
RpKacotml  in  Sg.  4.     The  dutnbulioD  of  Itlo  JiffexcDl 
ai  jut  dncribcd  i>  ver;  mticb  tlie  same,  exoefil  Uutt  ibo 
Uum  of  the  lalenl  irall  i<  Mjiarated  from  tbe  cLutic  layer  bj 
ituufitble  ttntum  denaely  iniUtratgd  with  Ijmpb-ear 

'  Tfa^  clastic  U}'«r  b  vety  fionspiciuu.  . 

Tbe  caveniouB  Ujcr,  tbe  dittribatlon  of  the  glands  at  Uia 
upper  and  loiter  laieus,  tlie  acDMrjr  epithelium  and  tha  oocw^ 
tcucv  of  Ijmph-follicles,  th«  preWDoe  of  olbctor)'  nt-rvc  trnaki 
•lul  plcxuaea  of  fine  bundles  of  these  in  the  uediaii   Tall, 

'  MUDG  as  in  Uie  paria  niiterior  to  this  plam. 

We  hare  mentioiwd  on  a  fonner  page  that  past  ilw 
of  tbe  dosed  Jacob«on's  caitiLage  capsule  we  agaiq  find 
Gaitilsf^e  ojien  in    the    appiu-    part,  a»«iiiiitig    lltu    tihape   vX  a 
troogfaj  to  that  its  cnvity  is  in  a  fret  comiiitmiauini  with  the 

■  tissue  at  the  side  of  Ihc  septal  cartilage  (itee  ftg,  5),  and  wb  ban 
'  also  stated  shore  thuL,  iti-ifianius  wil£  this  rt^n,  and  ihrontt 

th€  greatest  part  of  the  i  rna  of  Jacobson,  the  rdationa  i«inu| 
of  this  nature,  with  this  difference,  that  as  ve  pass  farther 
wards  the  median  or  inner  Ubium  of  the  trough  gradually  incr 
in  length. 

Now,  with  the  change  of  the  JacoUou's  cartibge  [rom  u 
closed  capanle  into  a  trough-Khiiped  ptute,  then:  occurs  a  voj 
intevestjng  change  lit  the  wall  of  the  organ  of  Jaeobaon;  u^H 
median  wall,  it  ia  true>  reiuaiiis  the  same,  and  so  does  the  liii^H 

■  ponltooof  tbeglnniU  of  the  upjicraiid  lower  sutcoa  as  wt!ll  aith^^ 
\.'tA  tbe  OBTCfnotis  tiiaue  and  of  the  clastic  Injcr  in  the  Inlcnl  wail, 

but  tlie  subepilhelinl  lajer  of  the  Ifltorul  wall  alien  mi  that  tliiflB|l 
whole  wall  uaaumes  n  (iilTercnc  Detect,  I'fertou.-<U ,  wu  saw  th^B 
cpitlirtium  of  tlie  lateml  nalb  s<r])anited  from  tbe  ejasdo  Ujrer  bj  "" 
a  thin  lajer  of  connective  liKjine  densely  inRUrated  with  l^uij^ 
corpuscles ;  now,  however,  this  subqiitfaelial  laj'cf  becomes  gicatli 
thickctieil,  owing  to  tlif  pmcBcr  nf  serooa  gtandf^  whicli  unnp| 
the  middle  of  the  Iojf<  r,  «o  thai  this  middla  |<«rl  ui  the  hilf 
Wall  becomus  cbangi-d  into  a  fold  for»*n$  a  < 
)i^  inltt  tAi  casitf  ^  tkt  wgtm  qf  Jaeoittn, 
lliei«foR  called  tbe  glniu^oid  of  the  Lfltoal  wail.     i'biia« 
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•end  their  dacU  tliron^h  tbc  cpitlwliura  of  the  lalcral  iral)  verti- 
callj  and  straight  through  t!i<;  middle  of  tht  lateral  wall.  These 
utuQili  do  not  GXlcuJ  Itiruiigli  the  whulo  stibcpthelial  layer  from 
m[>  upper  to  the  lower  sulcu*,  but  are  liioitm  ehii^Q/,  as  »taU-d 
aboTc,  to  thv  middle  part  of  the  Uteral  wall,  hence  th«  fold; 
nlMfe  mid  bt^low  the  gland  the  subepithelial  layer  OODtaitiH 
mimeruiis  lyinph-carpttsclcs  as  before. 

Tliis  ^laotlfold  rcmafna  no*  lhrou((h  the  whole  length  of  the 
organ  of  Jacobsou  to  u<r.\T  il«  tKMterior  extremity. 

Tbe  prt'scncc  of  this  Klandtold  in  ttic  lateral  wall  necessitates 
a  chsDgc  in  lh«  s1ia]>e  of  the  cavity  of  the  organ  of  Jacobson ; 
whcrt-us  iht:  cavity  in  transverse  acction  through  the  anterior 
rt'gioiia  appears  more  or  less  oval,  it  aov  for  obvious  reasons 
p<».»-s!'C6  thf  shapcof  a  bean  or  kidney  (compare  Gg«.  10  and  11). 
Tlie  earlilflgc  of  Jacobaon,  bting  trongh-thaped  with  an  ap|>«r 
opening,  it  follows  that  lh«  gluiids  in  the  upper  i»rl  of  tho  wall 
ot  the  organ  of  JacobMu,  vh.  lho4e,  the  ducts  of  which  open  in 
the.  upper  sulcus,  form  an  unbroken  continuity  Uirougb  that 
opemng  with  the  serous  glands  of  the  muooas  meutbruae  covering 
the  septal  cartilage.  Itieie  points,  1.0.  the  presence  of  a  gland- 
fold  in  the  lateral  wall,  the  continuitv  of  the  glands  of  the 
organ  of  Jacobson  vitli  those  of  the  mucosa  covering  the  Mptal 
cartilage,  together  with  the  above- mentioned  trou^h-shapcid 
nature  of  Jacobsvu':*  caHilage,  form  the  chief  differential 
charnclcn  bjr  which  to  <listinguiili  at  once  the  sections  placed 
throuf>li  the  moat  anterior  portiom  of  the  organ  of  Jacobfon 
fniin  ihoM;  made  of  the  rest,  except  the  posterior  exdcaitly,  which 
will  be  C3tuidered  presently. 

En  K»«  place*  llie  nediaa  waU  of  llie  tttfui  of  iaoobaon  ooataias  a 
lew  alKoI)  of  senniB  ghads ;  these  am  eTidently  Mtraauera  from  tlie  gtaadt 
of  tlie  bwer  wait,  lliat  b,  ihoM  opening  tato  the  lower  mIous. 

In  ihnc  rft>{HX't«,  then,  tli«  organ  of  .ftcohjon  differs  const- 
derablj'  from  that  of  the  guinea>pig,  as  described  in  my  former 
)>a{iet«,  while  it  approaches  to  a  certain  tiritite<l  extent'  that  of 
the  typical  organ  of  the  mammal,  as  described  by  (irnliolel,  and 
that  of  ihc  slicep,  as  dcscribal  by  Balogh.  Gratiolel '  speaks  of 
the  upper  wall  as  pos»-M«l  of  9  "  bourrclct  saillanl,"  and  oon- 
titiiiiiig  uumerou:'  gkmt:>,  but  it  is  quite  clt-At  from  his  descrip- 
tion tlut  this  ''  bourrelvi  suilhinl "  is  not  the  same  thing  a?  our 
"glandfold,"  since,  besides  its  different  jjosition,  he  afcribca 
it  not  to  a  separate  group  of  glands,  but  to  thb  gland*  hi  gt^'ncral. 
lie  also  speaks'  "d'un  grand  sinus  veincux  qui  rigne  dans  loute 
I'tilendne  du  bourrelet." 

'  L.  c.,  p.  ao. 
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Dalogh'  Kijrs  that  in  the  sheep's  orgui  there  exiiiL)  a  "gUoJ- 
projection"  (hrtlsenvulst)  in  th«  mucous  membrane  uf  lbcor|u 
of  Jac"l>»on,  which  extend*  from  th«  upper  and  outer  pju-U  oOkt 
mucous  membrane  into  ihu  lumcD  of  (he  orgtia  of  JnouboK. 
The  boun«lct  of  Orttiolet  and  the  J)tii!ivi)wuUt  of  Balogh  an 
eTidetitlf  the  Name  Ihinff,  but  ther  differ  from  the  glandfold  d 
the  middle  nf  the  lateral  vail  as  dcecribed  br  me  of  the  rsbbii- 
In  the  guinea-pig  there  if  notlung  of  the  kioil,  as  I  have  pointri 
out  in  mj  former  paper. 

Id  the  posterior  {K>»ilioi]  of  the  orsan  of  Jacobson  we  Rni 

the  folloiring  di«pi»ition  of  the  wveral  Ujers : — The  median  » 

in  itx  senxor^  epithelium,  and  its  numerous  plexunr*  of  olfHClt 

nervy  bundles  remains  unaltered,  so  does  the  epitheljam  of  tl 

lateral  wall,tho  subepithelial  laver,  the  gUndfold,  sikI  the  elaai 

layer.     The  cavcmou*  layer,  howercr,  becomes  greatly  mcnami 

in  thickness  and  extent,  «ncrr>»ching  «>ii»ideniDly  on  the  lower 

i«nd  upper  wall ;  hence  the  etand»  opening  into  the  ap{>er  ftulco* 

Tkppear  very  greatly  diminished  in  numbers.     The  i<^me   ia  the 

(eatw  with  the  gland«  opening  into  the  lower  sulcus ;  these  sooner 

or  later  ceove  altogether. 

At  the  very  cxtn-mity  of  the  organ  of  Jacobson  we  And  the  lameo 
j reduced  to  a  minute  opening;  in  the  median  wall  we  iitill  find  a 
[trace  of  tiw  »ensory  epithrtium,  but  soon  this  also  disappeari, 
the  lumen  beoomea  circular  in  immiverte  section,  and  the  epilhe-^ 
lium  a  alto^her  made  up  of  columnar  celli.     In  the  posterior ^^ 
extremity  of  Jacobson's  organ  the  lumen  and  the  lining  epitlxr- 
L liuiD  in  *o  far  alter  tbcir  position  as  they  are  now  cIo«e  to  tlie 
cdian  labium  of  Jncobson's  cartilage,  and  they  shift  ahw  a 
'little  more  in  a  downward  direction  (see  fifrs.  S  and  9). 

A  plexus  of  thin  olfactory  bundlex  is  still  to  be  recogatsed  hi 
the  upper  pu-t  of  the  median  wall,  but  this  latter  is  grmtly 
rcducecl  in  thickness.  The  glands  opening  into  Uie  upper  attlciu 
reach  lower  down  than  before. 

Of  a  glandfold  in  the  lateral  wall,  or  of  a  subepithelial  laypr.H 
nothing  IS  left;  the  lateral  and  lower  wall  are  occupied  by  tfaffS 
sTemous  tbsue,  whidi  possesses  a  oonMderable  tfaicknesi^,  and  in 
rbich    the  bundles  of  non-striped  muscular  celU,  runuine  in 
rU  directions,  still  form  a  oonapicunus  feature. 


We  see,  then,  that  in  all  repect*  the  orjinn  of  Jocobfon  of  th 

rabbit  differs  materially  from  that  of  the  gnineA-pig;  the  shsp 

and  sixe  of  •Facobson's  cMtilage,  the  diopi'jsilioD  of  llir  Bererml 

LfltTucturcs  iu   the  median  and  lateral  wall,  arc  quite  dilTemil 

,  the  two  cans. 

Bcion  dDwhbJng  the  minute  structure  of  the  dificrent  pn 
'  L,  c^  p,  «7. 
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tjtuting  the  median  aud  lateral  wtdl  of  tbe  organ  of  Jacob- 
ton,  I  will  give  licrc  the  rctu]t«  of  mGiisurenieiits  carried  out  in  a 
Uiuisverw  sccliun  through  tUc  o^ti  of  Jacobwn,  «ucb  as  ia 
^illuHtrated  Id  6g,  i,  viz.  at  a  point  wIwk  the  cartilage  of  Jacob- 
son  forma  a  complete  capaale. 

TUokaew  of  Jaeobedu's  ouUlage  at  tbe  upper  angle  .    D'GA    mn. 

u  H  „  &t  tLe  luwtr  illl-Iu      .         .    0^35     „ 

„  „  H  io  'be  luidtllc  01  tlie  lattra) 

WBli      .        .        .        .    0-W5    „ 
„  „  „  tn  tlic  middle  or  the  mcdUn 

-ftU      .        .        .        .    0-18      „ 

Sbort  UaurmM  dtuneter,  U.  acrott  Ibe  middle  of  Jacubs^^u'a 

caHiltm  eifwale,  ftooi  side  to  ude,  ioclutLiw  of  the  ihiek- 

MM  M  the  eartil&gc  of  both  the  ItUcral  aud  turdtiu  wall    .     l-iUS    „ 

Looff  IrantTCtM  diamclcr,  i.e.  from  tlic  upper  to  llic  lower 

•nii,  tnclwTc  uf  the  tliickneis  of  the  cDrtilage  of  both  ihc 

apper  ud  lower  oasle 3'115    „ 

ThtcuBM  of  Uie  lower  wall  of  the  or^  of  Jsoobson,  exetu- 

Hro  of  the  epithchuoi  liniiu;  the  lumea  .  0'325  „ 
M  •■  cpilbdiuin  nl  tiie  lower  wlcua  .  .  ,  6*30  „ 
„        „         lateral  wall  in  kbont  the  iniddie,  excluuvc  of 

Uie  epitlirli^im  linin(r  the  lumen        .         .     0'315     „ 

„        „         (pitlielivni  of  t.lic  iaterU  ickll      .         .         .    O'lHa     n 

„        n         f^md  lajer  ut  the  loircr  buIciu  .  .    O'S^S    i, 

,.        „        eeiuor;  epithelium  in  nbout  the  middle  of 

the  mediaa  wall,  at  a  place  where  there  ii 

ia  it  a  Ijmph-follicic       ....    (1-^3    ^ 

„        „        remainder  nf  the  mucma  of  the  med/an  wall    0  11  ja  „ 

Longiraiuvcnedismetctof tlieiumeuof iheorgaitof JiLCnb*6n    0*45      „ 

Short  .,  ,.  „  „  „      .    0-135    „ 

Tlie  meamremeiits  taken  from  u  section  such  aa  ie  iUustmted 
in  flg.  1 1  are : 

lUclcMBi  of  jKObaon'a  oulilajp  is  the  middle  of  the  lateral 

vail      ...        .    O-IM  mm. 
„  „  „         il  the  middle  of  the  mediaa 

wall      ...        .    (j-135    „ 
n  ,.  „         in  the  middle  of  the  lower 

wall      ...        .    018      „ 
„  „  Kt    the    cxtremil;  of   tkt 

upper  labium  .    CIS      „ 

Diameter  tnm  tlie  exlreniilj'  of  tlie  medtui  labium  to  tLe 
lower  wairof  the  citiilagc,  mclutiie  of  the  tUekneaa  of  tlib 

Utter l-ias    „ 

lu  a  aectioB  farther  bae.k,  t.p.  ooa  *liovni  ia  fig.  7.  thia  dia- 
meter inerckjci  tu 5*12     „ 

Diasiel«r  tmm  the  exiivmil;  of  the  laletal  Ubiam  to  Uie 
middle  of  Hie  lower  wnll  of  tbe  cartilage,  ineluslie  uf  the 

thiekneta  of  thia  latter 8'3        „ 

TraniTerM  diinoler  of  the  opcaiog  between  the  eitremitj  of 
tlie  lateral  UUmn,  right  aeroM  to  tbe  middle  of  the  DMOiaa 
laUnmof  Jneobaoii'icarUlage  ,  .        .    0-1$      „ 


af  omtamt  baoB  ovtiidc  litt  latenl  bLbiam  of 

.     005    OB. 

-^  i^  -    J  ._-  -  P      •    **'*'' 

I  tiiuvcne  £iipetn  of  Im  vbck  OTgia  tn  Jmltiaftf 

etcMre  of  Ibt  cwifliec.  tacMatri  ifroM  U>e  wiMte   '     .    I'lit 

loftiHtfatUBiuBof  lbilil«nJna  .    fHHI 

ftfc*ll  tt  tt«  aliiilniH.  wdMifg  of  tptfatliam  .    O-10H  .■ 

Ma  OTWwd  dRncbDi   «•■•••  O'SSII 

larOedMBetiter  <HIOSto(H)lt 

„         omoon  l^CT  Is  Uw  aiddk  o(  tW  latetal 

""U       ■  ' »-3SS 

■oeoMi  ■cabcun  of  IW  ncdbu  wall,  n- 

fhrin  «f  Ok  muw;  tpiBcSmB    .        _    0'33b 
•ceMT  mthdtoa  .    *>-136  to  frSS 

ifiMnttrr  rf  a  lup  athtiixj  B«m  tnak  in  Uie 

i-na n-l«trjO^I«'  - 

:  of   a  \jmfk  JalMt   vftUa  the  MtMj  epithc- 
»i«» -        .        .    0-IV*  hj  (hUl    ,^ 

In  aiSiioa  to  tlw  docz^ntton  girta  in  tfae  |vccc^g  l!*P*  <^| 
Ibe  >tractii»  of  ttu  diffmat  puU  coBstitiitug  the  nU^  lb«^ 
oigao  or  tnbesof  Jacobsui,  ««fave  no*  to  state  nrioiu  painti 
of  detail  not  jFct  neBlioited. 

1.  As  rt^arda  U»  latfnt  mil, 

(«)  Aa  neotimed  above,  U»  fiptbelnun  Unrag  this  ia 

lonluanir,  bcine:  compo^  of  tknc  Ujeis  ofctUs ;  a  mpaficU ' 
ajiT  of  onoiol  or  cjliium'cii  odU,  e»cli  vtUi  an  oval  nadngg^ 
drrjj  Ujer  of  inrrrted  eonieal  cdb,  ».r.  edl*  whoM  base  k  f^^ 
00  tlie  stibepiUiclial  Ujet  and  whose  potnted  prooeu  is 
tovarda  the  be«  or  inner  snr&ee,  eaeb  of  ibrae  celU  poeacgB  ■ 
man  or  km  spherical  nndeas.  Betvees  tbeie  tvo  lat  en  of  c«Qi, 
wpedaBT  between  tbe  sapeificial  cells,  there  b  a  middli.'  Ijijrr  </ 
eella  cotnpoaed  of  aiiindlfhalttiwid  odb^eadi  with  an  ovm)  nnrliai 
Dw  nacki  of  tbe  nipccfictal  eotti  an  tbe  lai|p»t.  In  ^pBomaa 
baidtned  wHh  ifHrit,  the  Buelri  of  the  raperflcid  craaca)  eeh 
and  of  the  apiodlc-sbaped  eella  appear  ai  if  Ntoaled  in  the  aame 
layer,  and  it  tbcn  appears  as  if  tbe  epilbdiam  were  made  ap  id 
twn  Ujen  imly. 

On  the  inner  or  fra*  nrfcre of  tbe eaperfieU  ccJIi  »  ■  tK^;nT:( 
and  sbaqi  boniMlarT  Ihir,  bst  that  are  do  olia  prcjr  H 

thia  bouudivTT  linr.     In  tKr  goloca-jug  tbe  niportK.ji    .<  ..•  -  -.    ' 
thii  epithtlium  iMSwan  cilia,  a*  1  Itafe  poinlcil  out  ia  jot  ar^ 
paMr,aud  1  bare  l'  mI  Loewv'a*  awertinii  ««  totbe  bod* 

•sutenoe  of  eilta  c  bdiani  io  tbe  rabbit's  on^r 

3  mtv  find  tbivt  in  all  m<  gjin.-imi.-n>  nf  tte  rabbit'i  i>- 
prepared  with  oniuc  acid.  MiUW*  fiaid,  cbrontc  ac...  ,. 
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tJcr«  ftre  n«TeT  anj  cilU  to  be  met  vitb  oa  tlie  surface  of  the 
cpitlielinm,  mi  in  this  rcsp«t  ther«  tlow  really  eiist  a  remairk. 
aotediifcreDCc  bctwctn  llif  rabbit's  and  guinea-pig's  Jacobflon'a 
oTnn. 

Tbe  epith«lium  of  the  lateral  vail  now  tinder  consideration  is 
always  infiltrated  with  lymph-corpusdcs,  each  witb  two  or  three 
smaU  nuclei ;  Ihwe  cdU  mdontly  migrate  from  the  siibepithdbl 
layer  into  the  cpilhrlium ;  they  are  found  in  alt  j>.irt9  of  tlie 
qiithelium. 

[6)  Tbe  subepithelial  layer  contains  always  a  ffreat  number 
of  lymph- corpuscles,  both  in  the  glandfotd  and  beyond  it ;  thft  i 
lymph-corpusclea  are  relatively  lai^e  «lls,  each  of  them  posacSMd  | 
of  a  weli-iornicd  cell  body.     ^Vhcrc  Ihcr  are  crowded  together  ' 
they  appear  prcEfcd  against  one  otbcr,  and  therefore  more  or  lets 
polyhearsl  in  outline. 

(c)  The  i-loittic  layer  t»  composed  chiedy  at  networks  of  fine 
elartic  fibnl»  extending  in  a  direction  psrullel  to  the  long  axis  of 
the  organ.     This  layer,  increases  in  thicknts*  (to  almost  double)  i 
as  we  pan  backwards;  it  is  always  very  conspicuous  ia  transvcrael 
Motions  staiued  with  dye«,  since  its  hiight  fibres  do  not  stainl] 
and  therefore  contrast  veil  both  with  the  subepithelial  layer  and 
with  the  cavcmoos  layer  outside.     The  clastic  layer  is  cridentlT 
the  layer  In  which  the  muscular  fibres  of  tho  cavemone  layer 
insert  tlictiisclvw. 

(rf)  The  cavtrnious  layej.    This  is  the  most  oonspicuoas  part  of  j 
the  lateral  wait.     As  mentioned  above,  it  incresitcs  both  in  thick* 
ness  and  breadth  as  vc  pass  backwards  (compare  (i».  4  to  9). 
Its  venous  sinuses  take  up  a  plexus  of  small  vcswis,  chiefly  reins, 
eiloatrd  close  to  tlic  elastic  layer.     The  sinuses  extend  in  a  longi- 
tudinal direction  and  are  tie|>aTiilc<l  from  one  another  by,  or  rather 
are  embedded  in  a  ti»uc,  which  con."!;!!!  pre-eminently  of  mue- 
culsr  substance.     This  is  arranged  in  humlles  of  various  stuai, 
directed  chiefly  in  a  radiating  manner  from  the  periphery  of  the 
organ,  i.e.  from  llie  ontcr  wall  of  Jacobin's  cartilage  towards 
tho  lumen  of  the  or};an,  and  connected  into  plexuses.     Between 
these  bnodles  we  meel  always  a  few  buudlcs  running  in  an  oblique 
or  even  longitudinal  direction.     In  prfparations  pre^Kired  with 
spirit  the  muscaUr  tissue  does  not  differ  from  non-stn{)rd  mns- 
culni  tissue,  but  in  opmic  acid  specimens,  hardened  sflcrwardN  in 
chromic  acid,  tlie  cirnients  of  this  mUBCnUr  tlMUc  appar  ma. 
tcriiilly  to  difler  from  ordinary  uou-stripcd  muscular  tissue.     We 
find,  oamtlv,  that  the  individual  clcmrnt*  are  twice  and  three 
times  as  thick  as  ordinary  non-striped  mowle  cells  ;  that  tbey  are 
eompoecdof  coarse  fibrill'^,  and  that  tht^y   ap|>e.ar  much  longer 
and  each  to  possess  a  number  of  nuclei ;  further,  that  tbey  appear 
•8  if  brutcbed  and  connected  into  a  network,  so  that  they  resemble 
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Ute  muscuUr  fibres  of  the  heart  much  clowr  thso  ordiuanr 
I  tttriped  uiuhcdIu-  oella.     UlKa  a  baodle  of  the  miiacDlar  fiora  at 
ktbe  csTernoaa  Uyer  ia  viewed  in  cross  kcUoq  th«  iadividiul  anMQ 
WeuenU   appear    in   their  size  and  utructuie   rerjr    macb  Ukt 
the  muKuUr  fibres  of  the  heart. 

In  tbe  mntjix  of  the  otctdods  tisane  nuy  be  met  with  saudl 
LancI  Urge  bundles  of  nmc  fibres  chie^v  followiiiR  a  loasitadinai 
Leourse;  in  moat  cases  tlte  nerve  fibres  arc  mcduUatcd  fibres, 
[then  an  here  and  there  bandies  to  be  seen,  the  greater  auj 
'  of  whose  Dcrrc  fibres  are  non-meduUated. 

The  outer  bouudarj  of  (he  cavernous  laver  and  the  outer 
•ertion  of  its  muscular  bundles  ia  fumed  hj  fibrous 
[olimately  connected  witli   the  perichondrium    of    Jacobsoo' 
cartilage. 

(e)  As  regards  the  glands  occupjiuE  lh«  upper  wall,  »V.  those 
opening  iu  tbe  U)>[wr  sulcus,  as  well  as  Uk  glunod  io  tbe  lower  wall, 
i,  e.  thuM  opening  into  the  lower  sulcus,  their  structure,  poaib'oB, 
and  cbange  in  amount  baa  been  mentioned  above,  aud  ia  easily 
^tmdentood  from  an  inspection  of  the  figures.    The  cpiilieUnm  of 
!  dneta  of  both  group*  at  their  mouth  forms  one  cuiitinuJtv  with 
I  epithelium  of  the  lateral  wall,  but  is  quite  distinct  from  tbe: 
'^sensor/  epithelium ;  the  same  relation  has  twcn  poicted  uut  in, 
conneclion  with  Uie  guinea-pig's  organ,  where  it  was  Uiown  that 
^tfaese  ducts  form  in  reality  tn<!  boundary  between  the  cpithctiuin 
pf  the  lateral  wall  and  the  sensorr  epitheliutn,  lining  the  meilian 
lurface  of  the  lumen,     tio  it  is  also  in  tbe  rabbit ;  tbe  two  cpi* 
belial  structures,  i.e.  the  epithelium  of  the  lateral  wall  and  &t, 
sensory  rpithclium  being  well  marked  of  from  one  another,  ni 
the  moutJi  of  the  ducts  of  the  serous  glands,  both  nt  the  upper 
and  tower  sculcus  form  the  boundary  between  them. 
2,  Tbe  median  wall. 

The  sensory  epithelium  consists,  like  that  of  the  goinea-pig, 
of  two  distinct  strata — a  superficial  one  composed  of  tliin  cunicai 
spmdlc'shsped  or  cylindrical  epitkeliai  c«iU,  each  witli  an  iiral 
nucleus. 

Tbe  celU  forming  this  slraium  vary  froio  one  another  in  tJiis 
respect,  that  tbe  nucleus  does  not  lie  in  all  cells  at  tlic  same  Ic 
tint  is  phtcedat  diOcient  depths,  so  that,  taking  tbi*  strnv 
a  whole,  it  appears  (o  contam  several  layers  of  nuclri ;  <- 
there  are  bctwet-n  ihrrc  and  five  curb  layers.     T' 
oval,  some  mure  dtipticol  tboit  otliers;  they  sLiin  u 
in  dyes,  and  bence  they  are  very  conspicuuus  in  spucimcus 
stained. 

Itie  part  of  the  epithelial  cell  between  the  nucleus  and  t 
inner  or  free  surface  Tories  between  0*(I12  and  H-(ilB  aaa. 
it  appears  dear  and  longitudinally  striated.     On  the  fircc  n 
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it  appears  limited  bv  a  mcmbrauoa*  stnicturr,  similar  to  the 
limiting  membrane  of  r.  Itrun  in  ihe  olfnctory  oignn. 

TIr-  thicknu!  of  (he  injer  cuiitoiiiiiig  the  oviii  iiucid  of  tliwe 
cpUhHtnl  ceils  is  lietw^n  0027  and  0-02S  mm. 

Tiie  Hie  of  theie  imcltd  is  O-UU&l  l>jr  0-0072,  or  0*0036  by 
O'OOg  mm. 

ISndefiioath  the  epithelial  cells,  or  rather  underncith  the  nuclei 
indicative  of  ttiem,  follows  the  d«c])  slratum  or  the  friratum  of  the 
lentorg  cell*.  These  crll:<  iirc  «pimllc-Mha|>r<l  or  multipolar, 
posMMcil  of  H  cell  body  of  oieur,  granular-looking  ifubstance, 
aiid  including  a  spherical  nucleus,  the  size  of  which  ijt  aboiil 
U'O07ii  mm. ;  hein^;  spherical  these  nuclei  are  therefore  larger 
than  the  oval  nuclei  of  the  "epithelial  cells."  Besides, 
the  nuclei  of  the  watutj  cells  arc  more  tiansparcnt  and  \e*» 
staiiwd  in  preparations  atiiincd  with  ba'uiKtimlin,  and  tht^y 
include  a  bi^ulifal  uniform  network,  or  in  some  caats  a  convolu- 
tion of  fibrils. 

In  a  pre)>aration  hardened  with  spirit  and  stained  with  log> 
wood  the  oontrast  bctweco  the  two  strata,  t.  e.  the  stratum  of 
th«  epithelial  celU  with  deeply-stained  homogeneous  nuclei,  and 
the  stratum  of  the  seoaonr  cells,  with  the  large  clear  spherical 
nuclei,  is  very  great  indeed,  and  no  one  looking  at  sucli  a  a|>eci- 
men  cnn  for  a  momrul  fall  to  sec  it.  'I'he  numbrr  of  seiistiry 
cells,  or  their  nuclei  indicative  of  ihem,  (liffem  in  difr<Tfiiit  parts; 
it  is  greatest  in  about  the  middle  of  the  median  wall,  aud  de- 
creases towards  the  upper  and  lower  sulcus,  'llie  greatest  thick- 
new  of  the  stratum  of  sensory  cells  is  about  0-IS  mm.,  and  the 
greatest  number  of  nuclei,  from  the  superficial  stratum  to 
the  subepithelial  layer,  in  a  vertical  direction,  is  about  eight 
or  (en. 

The  boundary  of  (he  sensory  epithelium  towards  lh«  sub- 
epithelial niucusa  is  not  well  defined,  the  sensorj  cdls  ieitty 
prolaitgc<(  tiugiy  or  t«  mall  ^ttpi  into  /Ae  mtuota.  This  fact 
does  not  oomo  out  so  welt  in  spirit  preparatiotis,  hut  is  distinct 
in  sjiecimeny  prepared  in  S[uller's  fluid.  In  these  latter  the 
deej>e!it  sensory  cells,  and  especially  those  that  extend  into  the 
mucosa,  appear  lurger  In  the  amount  of  the  cril  protophum  than 
the  more  su|>erficially  situated  sensory  cells. 

Everywhere  the  cell  body  is  reir  distinct,  owing  to  its  rclii- 
tively  large  size,  and  when  isolated  appears,  as  in  the  guinea- 
p^'s  organ,  spindle-shaped  or  multipolar.  The  processes,  like 
llnwe  '  ' ''  I  aory  celN  in  the  olfactory  nasal  mombrane,  may 
he  di-;  i  as  an  outer  pnxrat,  extending   between    the 

"epithuliuJ  ctil""  to  the  surface,  and  one  or  more  iiiiuv  uuea 
pacing  downwards,  >.  e.  into  the  depth  towards  tht^  mucosa. 
I  have  described  this  in  my  fonncr  jtagter  in  connection  Hitb 
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the  orgao  of  Jaooluon  of  tbe  guiiiea-|ii^,  sud  I  Iiav»1 
refcnra  to  tbe  aasertioiu  and  obserTatioiu  on  the 
fBalogfa'  in  the  sheep's  organ,  so  that  it  is  needless  to  i 
this  subject  here  Again. 

Id  the  rabbit's  organ  I  have  been  able  to  foUow  vliat  al  1 

I  omitted  to  do  in  the  guioca.pig's  or^an,  but   what  I  hiTci 

doDv  utvo  ill  this  lost  named  aninul,  vit.  tlic  distrtbutioo  itf  t 

I'Olhctvrj  ncrvu  bundles  luul  Derre  fibre*  in  the  mcKliaD  wall,  i 

>  their  relation  to  tbe  seiiMny  ocUa. 

All  along  tbe  iniirr  surface  of  the  median  labiam  of  Ji 
cartilage  ve  6iid  oifactoiy  nerve  bundles  followtag  a 
direction;  iprcudini!  from  bcJiind  towArd  the  autcnor  nffonL^ 
,thc  organ  ol  Jacouon,' it  is  nntursi  that  ire  shanU  Sod  tk 
^auuiberof  nerve  bundles  greater  in  the  jiostcrior   than  iaik 
anterior  regions  of  tbe  organ. 

Tbe  tranaTe»e  dtameter  of  a  laige  nerve  bundle  in  the  mtwi" 

portion  of  tbe  orKsn  is  about  D-lVl  by  (fSltl  mm.     From  th« 

Dcrrc  buudli-e,  which,  as  mentioned  jnst  now,  mn  la  a  loaiE)i«> 

dinal  directtOM  in  the  outer  parts  of  the  uiacu.ta  of  tbe  meiiH 

rVall,  i.e,  near  Jaoobeon's  cartilage,  numcmus   minnte  Imnrfl" 

'  branch  off,  idiich  run  in  an  obliqoti  dirucliciu  towards  the  i 

epithelium ;  the/  are  ver/  Domerons,  and  bv  bniRching  ooij 

uniting  form  a  plexns  uf  small  bandies  of  ulfactorj-  libm 

pjing  the  inner  part  of  tlie  mucosa  of  the  median   iraJj. 

nearer  the  seuMr;  epithelium  llie  smaller  the  boDcbcs  and 

|«loeef  the  plexus,     llus  plcxn*,  tubefntktltai  plt^iu^  exta^ 

I  pre>cmincsl1r  in  a  direction  parallel  with  the  abort  ax^  of  tlv 

lo^sn  of  Jacobson.    Ubic  ground  substance  of  the  mooaas  ' 

<  vhtch  this  plexus  is  embedded  is  made  up  of  Gbroux  cfuuu 

Itissae.    The  relation  of  thi*  plexus  to  Ibc  wssoir  ccila  is 

I  thoM  tcaaav}  cells  wlucb,  as  menttonei)  above,  oteiH]  into 

,  nucoaa,  are  situated  in  the  meshes  of  ihn  pl»n>,  hat  an 

'duselj  applied  to  the  brandieB  of  ii,  and  ln>ui  what  I  barv  I 

fcablc  to  nuke  out  in  thin  f    '  ^lear  to  becotoe  cnntjinMa' 

I  by  their  dcq)  procou  with  i  libres  in  such  a  way  that  I 

l-proceae  MiuUtutcs  a  prtmiure  tibnl  of  an  axis^Iinda 

serve  bnseb. 

In  tbe  Kauor,?  i-jHihrlium  the  9taffstr  ccQs  anpear  all 
cootained  in  the  me»he»  of  a  pttmoi  af  fibrillar  buds,  vbieh  i , 
I  diredlr  cuntinuDaa  with  the  brauche*  of  the  tubcpitbeUal  octti: 
plexus.     A*  is  the  case  with  the  sGnsorr  crU*  extendtog  into  tt  ~ 
RiDDraa,  so  also  with  the  otber  waaary  iadi»,  it  can  be  aooertamc 
that  with  tbeir  deep  process  or  proocsus  thi^  joia  aa  poraim 
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fibrita  the  nerve  [ilcxus.  I  Havc  ^Ivod  an  illuetrfttiou  of  these 
appeuRDCC*  in  fig.  lit,  and  from  thi;  it  will  ha  »etn  Ibat  to  this 
Te8i)ccttheRliitionaapiNsrTi:rf  similar  to  those  dcxcribul  by  Max 
Scbultz«  ond  otkvrs  at  Utc  olfactory  lutrnl  mucoo*  membrane, 
but  iliiTerciit  from  vital  \»  rauiiiUined  by  llie  Ut«st  in?estig»tor  of 
t\a»  subject,  viit.  Cisoff.  Ildb  in  tensed  and  uon>tease(l  >peGi(tu;ns 
of  vertical  and  borizonlal  sections  I  Iinve  convinced  myself  of  tliu 
continoatioD  of  tbc  »iibtpitbelial  plexus  of  ocrrc  libres  at  pUxnt 
iato  tile  sensory  epithelium,  and  of  the  intimate  apposition  of  the 
dce|)  proocw  or  processca  of  the  sensory  cells  to  Inc  plexas,  from 
whose  Sbrils  tlii^  could  not  be  distinguished  either  in  aspect  or 
puiitioD. 

Hie  Daso-iadin-mnl  duct  in  the  rabbit,  in  the  whole  extent  of 
of  the  organ  of  Jncobson,  ts  const<ierably  larger  than  that  of  the 
goinea-pig.  Pur  »otiie  distance  anterior  to  the  cotimR'tiocmcnt 
of  Uk  organ  of  Jncobson  the  Da»o> lachrymal  duct  is  M-cn  on  each 
side  in  the  IntrTol  wall  of  the  nasal  furrow,  tHtide  tie  cartilage, 
forming  the  supjwrt  of  this  latter  between  it  anil  the  »ur&ce 
epithelium.  In  a  section  a  litttc  way  further  behind,  like  tliat 
shown  in  Gg.  1,  the  naso- lachrymal  ilnct  is  seen  ouUiile  tie  ear- 
tiiaffe  platr,  mentioned  in  the  introduction  as  the  lower  limb  of 
the  cartilagr,  fonning  the  (support  tif  the  aaperior  concha. 

This  changed  relation  between  the  naM>-Uchryuinl  duct  and  the 
cartilage  is  not  due  to  any  change  in  position  of  the  noao- 
lachrjrmal  duct,  bat  to  the  fact  that,  as  mentioned  above,  there  i» 
a  small  cartilage  {>!ale  presemt  in  the  most  anterior  parts  wtiich  ia 
not  continued  as  far  as  the  section  reprcacnt«d  in  fig.  i  ;  ami,  on 
the  other  hand,  the  lower  cartilage  limb  shown  in  this  figure  is 
not  present  yet  in  sections  anterior  to  the  one  shown  in  this  same 
figure. 

Ikhind  tlie  section  rei>r(»«nt«d  in  fig.  1,  until  the  disanjicarnnoe 
of  the  cartilage  in  the  lower  concha  (Sg.  3}  the  naso-lachrjnwl 
duct  retainif  the  same  positiun  as  before,  viz.  outside  the  cartilage. 
It  {.->  situated  just  in  the  angle  formed  by  the  lower  limb  and 
lalerAl  limb  of  the  cartilage  forming  tbc  support  of  the  latent 
wall  of  the  uasal  farrow.     Compsre  figurts  i  and  S. 

Behind  the  month  of  the  organ  of  Jaccbaon,  Uie  naso-lacbry- 
mal  ducts  are  seen  at  the  roots  of  tbe  plicated  nart  of  the  inferior 
Donoba  between  il«  osseoos  support  and  tbe  alveolar  proceas  of 
tbe  upper  maxilla  (see  fig.  4). 

In  toe  region  of  tiw  jiOBtdrior  part  of  the  or^aii  of  Jaoobaon 
the  naM^laeuymal  duct  chsjiges  slightly  its  position,  inasmuch 
as  it  descends  a  little  lower  down,  i.«.  nearer  to  the  lower  nasal 
furrow. 

A»  regards  the  shape  of  the  uato-laohrjmal  duct,  iu  cnisa 
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Mction  appears  in  all  prcpiralions  more  or  las  oval,  but  a  eu 
flattened  from  tidv  to  side  anterior  to  tliv  organ  of  Janbin 
As  regards  lliv  nzn,  it  spueart  greatest  in  abonl  tlie  regivD*(tl 
noutb  of  tbe  organ  of  Jacobmn;  anteriorly  And  portehad; 
tbia  it  appeani  to  decrease  in  size. 

Tbe  iolloving  are  the  mcasiireineiite  of  its  lumen  onlj,  lA 
nor  to  a  point  shovn  lo  fig.  1 ; 

Tbe  abort  tnMtcne  diinetet       ....    U-132 
Thetoog         »  u  •  .0-9 

At  a  pnnt  i^reaentod  in  fig.  1 : 

Tbfl  thoit  InaaTBTM  diuneter        ....    O-IM 
llielong  ■  „  ...     0-7875 

A  little  behind  this  point,  but  before  tbe  mootb  of  Jacoboa^ 
organ  is  reacbed : 

Tlie  short  transTcrse  diameter  vacks  between    .  O-SC  and  04S  i 

Tbe  loag  ttaaarerM  diameter  betwece      .       .  1-34    „    l-SS 

In  tbe  region  of  tlic  middle  of  tbe  organ  of  Jacobaoti  the 
laclirymal  doct  becomes  again  Binaller,  as  is  shorn  by  tlie  follom 
Dumbers: 

Tbe  short  baiui'CTse  dianieter  vaiies  bctvecn  0*38  Bad  0-fl  i 

Tlic  \iMj(  transrtne  diameler  between  .     TOI     „    1-M 

As  rtf^aids  (he  stmcluie  of  the  mso-lachrjmal  duet  it 
werywbere  tlw  aaine : 

1,  The  stratified  columnar  epithelium  lining  tbe  Inmcn  uttftk 
sinM  nature  as  tliat  deacribed  of  the  gainea>pig;  Ibc  thidnta 
of  the  tniitheliiim  rarics  between  O'OIS  and  0*669  mm. 

ft.  Tots  iniitbdiam  is  nlaccd,  just  as  was  tlic  case  in  the  i;itinai 
pigt  OD  a  thin  tubcpithelial  layer  infiltrated  with  lTrtiph-cor]iu» 
des.  In  many  places  Ibere  are  large  lyraph-fulliclVs  iirrM.-til  u 
the  *all  of  tlie  ua-to-laehirnuil  duct;  ibese  iymph-foUicIrjt  bni 
their  scat  really  in  the  Bubenitbelial  layer,  and  extend  fmiu  bin 
both  into  the  cpitbt'lium  anu  in  the  outer  parts  of  the  wnll  of  tb 
dact.  Between  more  or  less  wclUdeficcd  Iymph>follicl«i 
dilTuve  adenoid  tisane  intiilrnting  the  vulM-pithelial  layer 
all  gradation*.  IV  diuini'ter  of  a  iiu^iuin-Kiz«d  lyropb' 
foUieic,  saeh  as  iii  shown  in  fig.  1  i,  amuaotn  to  aboat  (t'4A  no. 
Tile  adenoid  tiaaoe  of  these  tymph-foi tides  p.-'.-irn....  ;,.*„.!. 
BoHsci;  epitlirlinin  to  tbe  extent  of  the  di»a. 
lattrr  nt  tlii'^e  places,  jiitit  as  is  the  case  in  tn' 
Ijunpli-fftllieles  nw:b  to  the  surface,  r.j.  I'eyei'r  , 
inli-ji'  -  N,  and  pliarynx,  &c 

Uui  uti-uL  uf  the  lymph-foIliclcs,  tbe  adenoid  ti«' 

any  rate  the  lymph- corpiudea  and  capillary  blmid-Teanli 
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^  ab«piLhi.-lial  Injcr,  nlciid  into  tbc  cpitbelmm  in  many  |>Uces  in 
"■  moTi:  or  less  uniform  maimer.  This  is  eviciently  uiulngous  to 
Uie  fuct  described  of  Die  nuO'lAcbrTciul  duct  of  the  guinea-pig, 
viz.  an  extension  of  capilUry  blood-venelg  nnd  nacleated  celK 
from  the  sultepitbclial  lavcr  into  more  or  Ik»»  well  dcSucd  cavi- 
ties in  the  epitbdiam.  Xu  the  rabbit  the  intracpitbuUai  spacen 
containing  flic  capillary  blood-vessels  and  lymph-corpuscins  do 
not  appear  to  be  of  tlii»  yaine  irell-dcfinGd  nature. 

3.  Oatside  the  subepitbelial  layer  is  a  plcxua  of  smaller  and 
larger  vein*,  mniiing  chietty  in  a  longitmlinai  direction,  and  a 
few  arterial  branches  also  extending  in  a  loiiKitudiual  direction, 
The  tissue  in  vhich  these  vessels  are  embedded  i«  a  very  loose 
connective  tissue  infiltrated  vith  uutnerous  lyniph'Corpuscles. 

As  was  pointed  out  ia  my  former  paper,  ucnlo'  already  de- 
scribed the  occurrence  of  lymphatic  tissue  in  the  vail  <a  the 
naso-lachrymal  duct  of  man. 

Tbc  last  point  that  I  wish  to  describe  here  are  the  stnictnn 
of  tlte  mooous  membrane  lining  the  lower  nasal  furrow,  anil 
covering  iIk  inferior  turbinated  bone,  and  the  nasal  septum  in 
the  region  of  the  orgaa  of  Jacobson. 

In  me  most  antenor  portion  of  the  nasal  cavity,  anterior  to  the 
part  illoBtnted  in  eeciion,  fig.  1,  the  epithelium  covering  the  free 
soiftoe  of  all  tbe  above  nsions,  \h.  Hie  iiasnl  furrow,  turbinated 
bone,  and  uosal  septum,  IS  stratified  pavement  epithelium:  the 
subepithelial  connective  lismie  i«  infiltrated  in  many  places  with 
lymph -corpuscles ;  radimenta  nf  papillce  arc  present  in  tbe  region 
of  lue  lateral  witU  of  tbe  nasal  furrow. 

Tbe  roucou  contains  serous  glands  only  over  the  inferior 
concha.  Hut  there  is  everywhere  an  indication  of  venous  plexuses, 
situated  in  the  euperiicinl  part  of  tlic  mucosa,  and  extending 
more  or  less  parallel  to  the  long  Dxi.t  of  the  nasal  organ  ;  these 
plexuses  are  well  developed  id  tjie  upper  part  of  the  septum  and 
tn  the  inferior  concha. 

A  little  furllicr  behind,  e.  g.  in  Gg.  I ,  tbc  epithelium  h'ning  the 
nasa!  furrow  and  the  nasal  septum  is  still  vtrBtilk-d  p-ivement 
eiHthcJitim,  hot  tbe  epithelium  covering  the  surface  of  the  infe- 
rior concha  is  already  stratified  columnar,  the  HU)(erllcial  cella  bsing 
ciliated.  Numcroua  serous  ulanda  ia  the  deeper  layer,  and  very 
rich  plexuses  of  venous  vcHefs  in  the  superficial  layer,  are  con* 
taincd  in  the  muoosa  of  the  inferior  concha,  and  in  a  limited 
degree  also  in  the  mucous  membrane  of  the  nasal  septum. 

lo  ■  pUcr,  iA  which  fig.  a  is  a  representation,  tlie  lower  nn»al 
furrow  oloDC  is  lined  with  strati6cd  pavement  epitlielium,  all  th« 

'  '  Bisgeweidclebre,'  ii,  p.  713. 
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oUwr  part*  vith  ftntitied  Golnmn&r  eelU,  of  which  the  nit 
ficial  layer  U  mwlp  an  of  cilUted  cdb,  wiUi  th«  nsaal  ^niei 
ocUs  BiDongrt  them.  The  subepilfadial  laver  contains  numeroiu 
lymph'corpiwclea  and  a  rich  f\nm  of  veins ;  the  deeper  Uyrt 
of  tne  mucosa  includes  Krons  ghnit,  fotniing  n  coiiliuuons 
laver  in  the  mucous  membrane  of  the  lover  concha  and  in  that 
of  the  upper  part  of  tlie  nanl  septum ;  but  they  are  >c*Ke  in 
the  lower  part  of  the  latter,  and  are  altogether  absent  in  the 
mucous  membrane  of  the  lower  nasal  furrow. 

The  same  relations  obtsin  past  the  mouth  of  Jaoobson'a  organ 
until  the  part  is  reacheil  which  is  iliuxtraicd  in  fig.  4,  I'.r. 
lowing  JacobMjn's  cartilage  a  closed  capsule,  except  that  the 
muoou  membrane  covering  the  tower  part  of  the  nasal  septon 
contains  very  nunieroua  Hronsjriands;  the  cpilhelinm  lining  the 
lower  nasal  furrow  is  still  stratified  pavement  rpithelium. 

A  little  further  bnck,  viz.  where  Jacob^on'^  cartilage  hat 
assumed  the  shape  of  a  trough  (sec  figs.  6  and  6)  with  ■  long 
median  labium,  also  the  epithelium  lining  the  lover  nasal  farrt>v, 
ij.  the  concave  surface  of  Stcnaon's  cartilage,is  strstifiedcolumnar, 
the  superficial  cells  buini^  ciliated,  with  the  nsoal  goblet  cells 
amongst  them. 

The  thiclcnesR  of  this  ciliated  columnar  epilhelinm  is  the 
same  as  iu  other  jiarttt  of  the  nnsul  cavity,  and  amount* 
to  about  O'ORfi  mm.,  exclusive  of  the  cilia,  which  are  about 
0-0072  mm.  long. 

The  serous  gland;  in  the  mucosa  of  the  lower  part  of  the  nasal 
septum  have  now  greatly  increased,  and,  at  has  been  pointed 
out  before,  form  a  continuity  with  the  glands  of  the  organ  of 
Jncobson. 

Of  interest  is  the  occurrence  of  diffuse  adenoid  tissue,  and  of 
smaller  and  larger  lymph  follicles,  isolated  and  in  continuous 
patches  in  the  mucous  membrane  lining  the  concave  side  of 
Stenson's  cartilage,  as  is  shown  in  fi^.  6  and  7. 

The  diametflr  of  s.  well-ilt-fincd  lymph- follicle  of  the  larger  kind 
varies  hetwi-en  tV2|tl  by  0-2r,  mm.,  and  0-3  by  0-45  mm. 

The  extension  of  the  adenoid  tissue  of  these,  lymph  ■follicles 
into  the  epithdinm  of  the  surface  is  the  same  as  described  above 
of  the  lymph-folliclea  of  the  naso-lachryraal  ducta. 
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With  Plates 
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StxcK  the  publicntioii  of  my  pspcr  "On  tlic  Gfmiination  and 
Tli'ilolngy  of  Ihc  Soiling  of  W'ehcifwiia  miraiUlt"  ('Qtuirt, 
Joiiro.  Miw.  Sci.,'  Jan.  IHSl),  I  hace  been  jmt  in  it  ]>o«itiou  to 
(■tudy  the  titnicture  of  older  plania,  some  »iiecinieus  of  lhe*e 
hariof;  been  BojipUed  to  aic  from  the  Kcw  collections,  others 
being  kindly  presented  by  Chcv,  D.  .T,  de  Xnuet  Jfontoiro.  It 
t>  the  object  of  the  prvmnl  pmi:r  (o  dcHcn'bo  the  itnicture  of 
lhr«!  older  plantj<,  atid  to  show  how  it  corre.<ipond»  with  that  of 
■lie  roang  »ee«il)ne  «s  tlready  described. 

Biefora  |>rooecding  to  thii  I  moHt  put  on  record  iurorinaijon 
recdred  from  Ohev.  Montdro  by  letter.  In  plants  of  Welrit«. 
chia,  which  he  has  cultivated  for  three  to  four  rears,  he  tells  me 
that  in  one  case  "  the  first  pair  of  leaves  {or  cotyledons)  have 
dropped  off,  one  plant  has  one  still  on,  and  the  rtmainder  have 
them  still."  Further,  he  ittateK  tJiat  «hili-  they  remain  the 
cotyledons  do  not  change  or  grow ;  lliat  na  the  «tem  cnlargcn 
they  become  "jagged  ni  the  baae,  and  on  dropping  they  leave  a 
tumid  »car,  observable  in  the  dried  specimcna  as  a  rircle  uoder 
the  true  leaves.  Id  the  older  specimens  it  b  bo  torn  up  that  yon 
might  take  it  for  part  of  the  corticAl  integument,  unleas  yon  were 
aware  of  the  ciretunstances."  Tlicse  ohrervations  of  Chev.  Mon- 
teiio  iupply  us  with  the  dir««t  proof  that  tlw  cotyledons  witlier, 
and  since  there  luu  never  been  obwerved  a  further  de\-eIopmcnt 
of  lcBvn<  of  the  main  ax'n  after  the  tirst  plumular  pair,  ve  may 
ooDclude  that  the  latter  are  the  leaves  vhich  remain  penirtcut 
thronghoot  the  life  of  tlie  Wclvitachia  plant  (cf.  'Qonrt. 
Jonm.  Micr.  8ci.,'  Jan.  1881,  p.  29.) 


So9t  and  Hypot^tyMonari/  Stem. — Brtemai  Ciaraetert. 


T^c  primary  root  of  the  »ce<!liog  has  already  been  described  na 
attaining  a  leiiKth  of  four  (o  five  inchea  without  branching  (I.  c., 
p.  19).  In  a  letter  (Ihev.  Monteiro  de>crib«i  older  plants  as 
developing  a  tap  root  "  about  eighteen  or  twenty  mchn  in 
length;"  aflcr  aiuining  this  length  the  root  brarches  repeatedly, 
'bis  wu  the  case  in  the  plants  four  months  old  which  he  sup- 
ied  to  me.  Is  external  sppearaocc  the  rouog  rooi^  present  no 
.liarity.     The  roots  of  plants  of  medium  age  are,  however, 
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covered  witli  a  thick  Bi^  lajcr  of  lis»e  (effete  oorl-y  timK)  i 
a  light  jellow  colour.  Tiiis  gives  pUoe  is  still  mIiIit  [lUtit*  let] 
daritef  ud  even  black  covcrtng  of  greater  strength  und  liardseta.  1 
l^iese  remarks  applj  alsu  to  the  lower  part  of  (he  li^iweoljle-j 
douaijr  stem.  Tdc  ilofTy  \nyn,  being  T«ry  friable,  cuald 
easily  be  cut  iuU>  sections  br  the  ruor;  it  will  Iberefore  nat 
rcprcwnti^  in  the  figures  of  soctioiu  aocompKoying  this  (nper. 

IiUernal  Strueturt^^Boot. 

It  was  shown  in  my  former  paper  (p.  26)  that  the  oartial 
tia«Dc  of  the  root,  being  cut  off  from  phonological  cotmectk 
with  the  central  cjliiider,  oeiue«  to  grow,  and  i»  tlirovm  ofl^  i 
that  the  older  lOi^t  consists  of  tinacs  derived  ouljr  rrom  tlie 
trul  cylinder,  We  vill  now  trace  the  further  deviJopmcat  i 
that  cflinder.  Its  periphery  (as  seen  tn  £((■  ^^t  !■  ^■)  >'  occiipir  _ 
by  a  formatin  tissue  dtrivcd  from  tbc  pencambiam.  This  giva 
rise  to  a  conslantly  and  tucc^asively  renewed  cork  tissue,  which 
is  always  to  be  found  corering  the  root  cit«nully.  Bcrund  iu 
presence  it  is  not  of  any  spreial  intere.it ;  we  taay,  (Lerefor^ 
pass  on  to  tbe  consideraliou  of  the  inteninl  tit»ues. 

In  tbe  specimt^ns  destcribeil  in  my  former  pagier  the  fiiaino  ul 
the  diarch  xylcm  system  nt  the  cenlie  of  tbe  root  vns  aot 
obserred  (I.  c,  p.  ~5,  fig.  2£).  'I'be  two  lylem  nuases  wrrv  in 
all  cases  separated  by  s  parciichymstous  tissue.  It  is  true  Uer- 
trand  ('  Ann.  d.  Sci.  Nat.,'  si^ric  r,  tom,  xx,  p.  8)  has  dcMrtlwd 
the  central  fusion  of  the  xyleni  massrs  of  the  lateral  root  of 
WclwitMibta,  but  the  qunlJon  aK  to  the  main  root  still  teuained 
oprii.  On  comparison  «f  older  plants,  however,  it  ap^irars  that 
in  tbe  main  root,  for  a  short  distance  below  the  traiuotion  fna 
stem  to  true  root,  such  a  fusion  does  not  occur,  the  centre  of  ih 
transverse  teotion  being  permanently  oceupicil   by   a   mass   of 

ftateocbyma.     A»  thi»  ti»uo  bears  an  im)<ortant  relation  to  tiie 
arthcT  development  of    tbc  part  where  it  occnr«,  it  will  be 
again  referred  to  later  (cf.  fig.  22   of  first   paper,   which   wh 
lakf-n  at  a  point  clo«e  bdow  tbc  feeder).     In  the  lower  purtioa 
of  the  root  a  complete  eoalneenoe  of  the  two  originally  wmmta 
xylcni  oiassea  takes  place,  ko  that  a  single  plate  is  formed ;  tha 
jtinctioa  ta  followed  hy  a  fiirther  derelopment  of  xylem   at  Iho 
central  |)art  of  eM^b  side  of  the  plate,  produced  By  an  active 
cambium  layer,  which  lies  between  the  primary  pb)'"'"'  ■"••'^  •'■' 
xylcm  plaU.     'file  Kcondatr  xyleni  thns  producra  i 
liarH'W  lumd  on  imh  siil<:  nf  the  xyluu  plate,  the  twti 
sqMrutcd  UteraUy  from  ouo  anollw-r  by  very  browt  i 
Ions  rays,     llic  whulit  xylcm  syvlem  thua  pr 
•t«Ua(«rorin  (fig- 1}-  Thus  far  tbc  ttrudorc  cf 
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ritwhia  corrtepoiiils  to  tltat  of  E|ih«dra  (cf.  Van  Tifghcin,  T<a 


erne, 


p.  211). 


Heanirhilc  a  further  developineRt  h&s  been  going  on  in  the 
urenchf  ma  wliicli  aurronuds  the  va&cubr  (issues :  this  reaull^ 
in  the  loiumtion  (a)  oi  a  number  of  irrc^ukrly  arranged  ^picnUr 
cell)  («p.  e.)>  "hose  axes  arc  parallel  to  tbc  longitudinal  axis  of 
the  root ;  {6)  of  long  sclerenclijma  Sbrcs  with  no  crj-stals  in  their 
walls  Itei.f.,  cf.  Hooker,  I.e.,  p.  16).  The  spaces  between  these 
are  filled  with  thin-w&llcd  parcnchjimatouH  liKnue,  wh<x>«  cells 
retain  their  cell  nature,  and  play  an  iiclive  part  in  the  furtJier 
development  (cf.  below).  At  the  periphery  of  the  section  lies 
n  layer  of  cork  derived  from  a  phellogen  la^cr,  as  alrcaily 
deteribed.  Sidm  the  same  is  the  case  in  sections  from  old«-r 
roots,  the  fact  will  not  be  ngain  mentioned.  It  may  be  noticed 
tlttt  the  cork  in  tig.  1  lui»  nt  certaiD  jiuints  attained  a  confidciable 
thickness ;  this  corrmpondii  to  the  Ituffy  layer  already  mentioned. 

-\o  Kconciiiry  free  vasculaj-  bundle*  are  to  be  seen  in  fig.  1, 
nhich  ie])rf«eot3  a  section  cnt  far  down  tJie  root  of  the  yoaiigeet 
plunt  in  tile  Kev  collections.  Thus  far  the  structure  presents  no 
erett  pecnliarili«s.  The  same  root  was,  however,  cut  about  one 
inch  further  from  the  apex,  and  by  comnuison  of  a  series  of 
sections,  the  first  secondary  bundle*  were  oWrved  to  originate  in 
the  following  way  :-~Oue  of  the  cambian  bands  becomes  laterally 
extended  (fig.  II.,  1),  then  a  plate  of  parenchymatous  tissue  is 
iulercalated  between  the  esLeiiHiuii  and  the  main  mass  (fig.  ii,  ii.). 
A  separate  bundle  is  thus  formed  by  brniiching  of  tlie  moia 
bundle ;  it  ia,  therefore,  a  direct  derivative  of  it,  and  does  not  end 
"  bliud "  (ef.  De  Bary,  '  Vc^l.  Aiiat.,'  p.  308,  kc).  Ah  the 
new  bundle  pursues  its  course  up  the  root  it  leaves  its  original 
position  relative  to  the  main  bundle  system  and  takes  a  spiral 
course  till  it  is  placed  opposite  to  one  of  the  protoxylem  maurs 
(fig.  II,  iii,  f,).  A  similar  development  goe*  oo  at  the  opposite 
sitle  of  the  root,  and  a  symmetrical  arrangenii-ot  is  thus  attained. 

It  most,  however,  be  remarked  that  th(!  central  bundle  system 
lOf  the  roots  of  Welwitscbia  is  not  always  arranged  as  regularly 
in  here  described,  though  this  seems  to  be  the  typical  arrange- 
ment.* 

This  orraiigenieiit  of  the  centra)  vascular  bundles  of  the  root 
is  well  seen  in  the  section  represented  in  fig.  iv.  This  was  t«kee 
at  a  point  for  down  the  mot  of  tJic  plant  (fig.  lu).    Ttus  not 

*  The  ilisCTiplion  wliich  foJIoV*  i*  niaialj  derived  frnn  the  stadj  of  om 

flint  obicfa  WM  baiiilFii  nier  for  ilbMetioD  (roni  lh«  eollccikins  at  biew, 
t  u  repivsenled  la  uulluiu  ta  ftg.  iii,  i,  ii.  t'roni  a  eomparboB  of  it  willi 
otiier  railier  yoaimt  ptanis,  It  is  MCB  Uiat  llie  Awelliag  of  the  slock  starts 
bcsr  llie  tvp,  ana  rvMieeds  downvsrils,  tiie  lower  limit  of  tke  t*tlliii][ 
bcini;  tftttij  tiroagly  nuritnl,  u  teen  In  Gg.  ni,  1. 
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twing  much  older  thftD  UloM  before  exam  uted,  the  bundles  of  lb 

ccntnl  >jr*t«m  ire  farther  developed ;  it  will  be  seen,  hovrter, 

that  thejr  oorrespo&d  oiMtly  io  tfacir  amngemetit  to  tUe  de»cnp- 

lioii  giren  above.    The  protoxy Icm  nuwes  can  stiU  be  recopnunl 

though  the  prDtophlocm  inaf^cs  cannot  be  traced.      Arouml  tlie 

former  arc  ^ajMd  sjrminetrrcnllr  four  lat^e  vai>culfir  wcd^^,  tVD 

of  which  Mv  conn<«t«d  centralljr  irilh  one  aiiollier ;   thcae  ut 

I  derived  directly  from  the  iictivily  of  that  cambium   layer  which 

I  uppenni  between  the  protophloem  and  the  primarj  xjlcm  pl«t«, 

ftbove  ffhieh  nitemnte  with  them  having  been  derived   frQin  t-brm 

by  branching,  as  above  described.     It  is  true  there  are  freiiiimi 

deviations  from  the  type,  due  to  the  !>tuuoi>«  course   pnrsued  bv 

■  the  bandies  of  the  centrnl  group,  and  by  their  fr^'quont  aiiaito- 

'raoiia  both  with    onr-  niiolher   nnd  with   the  membrra  of  tbr 

later  developed  periplieral  «y»tem ;  but  the  tendency  u  to  rcl«ni 

after  theae  irreguhuitiea  to  the  typical  arrangement.     Though 

in  older  roots  the  handle  system  occomcs  complicated  by  lite 

formation  of  lai^c  Dumbers  of  perrphcnl  bundles,  ttill  as  n  ruV 

I  the  cenlrc  of  tbt-  root  w  occupied  by  the  original  foarfnld  grnuii 

^Bince  these  bundles,  and  in  fact  all  bundles  of  ihe  root  of  Wei; 

\  witsehia,  remain  "  opt'ii "  for  a  long  time,  they  attain  in  old  rouJ 

i  a  very  considerable  sixe.     The  diitcrepaaov  of  this  descnption^ 

witli  the  figures  and  aecotint  given  by  Uooker  depends  upon  ihl 

fact  that  the  xylein  Is  there  omitted,  while  the  pmonoi  is  rep 

scnted  a»  the  whole  bundle  (cf.  alw  Do  Bary,  '  Vergl.  Aaat.' 

p.  638). 

On  regarding  the  Bmi''^ment  of  the  btmdles  of  (he  central 

systctn  comparatively,  wc  sec  tliat  them  is  here  in  the  root  nf 

I  Welnitscfaia  a  case  similar  lo  that  in  the  stems  of  many  Dicoty- 

'  Icdons,  in  which  it  is  found  that  the  broad  meduUsry  rays  ut.^ 

traversed  by  inlercalary  bandies  (Zwischcnstrangc,  cf.  Dc  Baiy. 

'  Vergl.  Aiuit.,'  p.'tOH,  Jtc.) ;  these  keep  ap a  raacuUr  conni>ctifln^ 

between  the  primary  bundles  oa  cither  side  of  the  ray.     Wo  bava 

,H  the  counlCTpart  of  these  intercalary  bundl  -  -  "■ho 

l{Gg.  IV,  6,)f  which  pnrsoe  a  sinuogt  conr»e  ai)!.  .  ruwl 

m^uUary  rav*  of  tJie  root  of  Welwitschia,  and  which  from  time 

to  time  fase  iaterally  with  the  primary  bundlesi. 

As  the  central  group  develops,  there  appear  in  the  peripheral 

Si  of  the  root  a  number  of  fresh  bundles,  which,  tlioagn  notj 
posed  regolariy  tn  rings,  still  show  a  tcjulrncy  to  tiai 
arrangement.     Such  bundles  are  to  be  seen  in  fig.  'm.i 

At  to  their  ending  I  cannot  i>[i-Ht:  ilrfinitcK,  but   '.  < 
certain,  that  ivhcrras  I  liavc  often  been  nil''  to  obserre 
mosis  between  members  of  this  peripheral  M-rieR,aa  avltaiiL- 
tliem  and  the  central  group,  1  have  never  oblalaed  evideti  _ 
tbeu-  ending  "  blind."    flaving  the  nnaiogy  of  the  Mmtml  gf ' 
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befoK  OS,  we  ina;r  therefore  consider  it  as  probable  that  the 
periph«ra)  >etW9  is  connected  terminally  with  tiifi  wnlral  group; 
that  is,  that  the  bundle*  of  the  root  form  a  flingle  9_v*tem  linving 
a  commoa  or^D. 

To  the  question  of  the  oommuntcntion  bi-tnecn  the  bandies  of 
the  ceotn]  group  ant)  thate  of  tbe  peripheral  vjitem,  I  bare  paid 
special  ntteDtion.since  Bertrand('An.  a.  Sci.  Nat,')K:rii)v,rol.xx, 
p.  10)  Mserts  that  tbe  latter  series  are  alirajs  itcj>nmted  from 
ihe  central  ftntem  by  fuDdamcnfsl  lifsue.  I  have,  liowcrcr,  been 
able  to  satis^  lUTself  tliflt  the  contrary  is  the  fact,  and  by  com- 
parison  of  long  mries  of  tmii^ver^c  iccUohf,  I  have  auec^ilrd  Jn 
tracing  the  passage  of  hrsneh  buudles  from  the  central  group  to 
the  peripheral  «mei*.  Aa  to  the  Inleral  coramunication  of  dif- 
ferent members  of  the  same  series,  it  occurs  so  freqaently  that  it 
can  b«  observed  in  any  series  of  transverse  sections ;  morcoret 
tangential  sections  demonstrate  tliat  the  bundles  of  cither  series 
torm  a  CTlindrical  network.  It  is  owiTig  to  the  irrrgularily  of 
the  frequent  aDastoffiosi?  tlial  the  contru  series,  as  veil  as  tlie 
peripheral,  show  those  rarieties  of  arrangcioent  to  which  tbey  hare 
already  been  dcMribcd  as  being  anhjcct. 

As  tlic  root  increases  in  age  its  bulk  aI«o  increases.  This  is 
due  partly  to  growth  of  the  old  bandies  and  formation  of  new 
ones,  partly  to  growth  of  the  tissue*  in  vhicli  the  bundles  are 
embcddmi. 

It  has  already  been  stat*^  that  the  bundlw  of  the  central  ;;roup 
remain  "  open  "  and  increase  in  size,  while  fresh  Mines  of  open 
peripliera]  bundles  arc  fotmcil  outside  them.  The  disposal  of  Ihe 
members  of  the  lat<T-formcd  (cries  is  more  rcjruUr  than  that  of 
those  earlier  developed,  so  that  in  old  roots  the  appearanoo  is 
prosented  of  a  number  of  definite  nogs  of  bundles  nurrounding 
othen  less  regularly  iirTange<l.  The  new  bundle*  are  farmed  by 
octtrc  dirision  at  certain  points  in  the  parencbymatous  "  ground 
lltsuc."  rig.  V  reprettent.i  the  points  of  origin  of  three  new  bundles 
u(  n  peripheral  .series.  Though  at  first  right  this  figure  gives  the 
idea  of  a  definite  cambium  layer  in  which  the  new  bundles  appear 
at  certain  points  (as  in  the  loonocotytedonous  stems  with  second- 
ary thickening),  it  will  be  seen,  on  observing  it  more  closely,  that 
at  the  limits  of  the  figure  the  tiniues  bear  trace*  of  less  adive 
division,  the  fact  being  that  the  activity  is  specially  localised 
around  the  point  of  origin  of  new  bundles  (cf.  infra). 

Tbe  arrangement  of  the  other  tissues  of  the  older  root  now 
demands  farther  attention.  Tlie  npicular  cells  seem  here,  as  in 
otlier  parts  of  the  plant,  to  be  pretty  uniformly  distributed ;  thn 
are  more  Tiumeroua  towards  trie  periphery  of  the  root,  Kresn 
spicular  cells  may  be  formed  from  i-ingic  cells  of  the  parenebynn 
at  any  point  outside  tbe  vascular  bandies;  occasionally  they  are 
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even  to  be  found  dubcJdixl  in  the  secondary  phloem,  in 
caM  lliry  must  iiavt:  originated  from  cells  of  Ihc  bast  pMvadi* 
or  dirccllj  from  the  ombiuiii.  Tlie  longiludliul  axis  of  the 
tpicnlar  cells  is  usuallj',  but  not  alii-n,v#,  nearly  parallel  Id  lb« 
axis  of  the  root.  Sderenchvma  libfci  are  also  to  be  found  in 
coiiaiderabic  numbers  in  tbc  old  root :  Ihey  li«  scattered  singl;  is 
the  parcachjina,  chieSy  around  the  periphery  of  the  va^culir 
bundles;  they  tal:<;  n  siiiuous,  loDgitudinal  coaiae.  Gum  pu- 
sagcd  are  al^^o  to  bv  fouud  in  ibe  noU :  llicjr  appear  imgalar  in 
thtir  distribotion  (lig.  iv). 

The  )iareii<-.hjrnia  in  which  all  tlit^e  several  lissnca  are  cm> 
licddi-d  di'sene^  special  attention,  since  many  of  tbc  nbnormalitia 
of  .-itrudurc  of  the  root  and  also  of  the  stem  of  Wdn-jtschia  are 
the  outcome  of  its  peculiar  proportaea.     Tbc  most  reiuarlrable  ot 
thoe  is  iu  constant  capability  of  cell  division  (IlBlb-mi-riatetDe- 
tisch,  Dellary,' Vcrgi.  Anat.,'p.  634).    Tbc  parencbymaseenu 
in  no  lirinj;  part  of  the  pUnlA  which  1  have  examined  to  have 
passed  over  to  the  permanent  condition ;  it  M«ms  normally  to  be 
subject  during  its  whole  life  to  occasional  division.     It  ja  tme 
that  the  activity  of  this  division  is  sot  Dniform,  hot  (bat  it  is 
apecially  localisied  at  certain  points,  such  as  (a),  the  base  and  sid«s 
or  the  leaf  groove  (lig.  x);  (i)  thepointofonginof  new  vascubr 
bundles  (fig.  r] ;  {e]  the  pbcllogen  layer;  bat  thnt  does  not  alUr 
the  fact  that  cell  division  may  and  usually  docs  occur   (at   least 
in  moderately  young  pUnts)  more  or  less  aclivdy  wherever  there 
ia  in  stem  or  root  a  pareochymatous  ground  tissue     AVe  shall 
now  be  able  better  to  realise  what  occurs  when  new  pcripbenl 
bundles  arc  formed,  as  in  fig.  v.     An  active  tlivisioa  takes  place 
at  tbc  point  where  the  new  bundle  is  to  be  formed ;  tlie  auiroottd- 
ing  tissue  keeps  pace  with  the  radial  extension  thus  prodoood, 
but  the  activity  is  merely  local ;  tboe  ia  no  tai^sattally  ooBb* 
naous  ring  of  activity  dividing  tisane,  »Dcb  aa  that  in  the  mono- 
eolylcdonons  stems  with  $ecoudary  thickening. 

'hiough  this  activity  of  diri^jon  1!^  ncU  riiniked  in  the  lurm- 
chyma  of  tiie  root,  it  is  in  the  stem  bcrraftcr  to  be  (hvcnhra  that 
it  18  most  striking;  and,  indml,  the  swelling  of  the  stock,  whkh 
start:!  from  the  apex  and  prooeetU  downwards  is  mainly  dm  to 
this  activity. 

A  ftutbar  pecaliarity  of  the  parenchyma  is  this — tliat  app»- 
rvriitly  any  ocU  may  develop  into  a  epicuhir  cell  or  tclercneliyma 
fibre,  and  that  this  development  is  not  rr^trictcd  to  any  particuUf 
zone,  hot  seems  to  be  another  proof  of  the  general  nctivitf  sf 
the  parenchyma.  We  find  apicular  cells  in  very  ililTcmil  stages 
of  development,  occnning  side  by  s;de,  both  i:i  '      ■.  ui 

(fig.  xx),    (J'or  the  dcTcioiiment  uf  the  spicuUi  .  «, 

p.  ft90). 
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llw  lateral  roots  appear  extenially  to  the  |»rotoxyleia  iniiiu^*, 
and  are  |)ro(Iucc(l  hy  ihf-  aclivily  of  the  |>ericiimbiuin  only,  the 
cells  of  the  bundle  sheuth  apparently  taking  no  |»rt  in  the 
procees. 

TnnnlUmfrom  Root  to  IlypocotyUdonary  Stem. 

We  hare  found  do  clifBculty  in  recogniaing  the  relation  of  the 
structure  of  the  oltler  root  to  tliut  of  the  young  root,  as  descrihud 
in  mj  former  luper  (cf.  I.  c,  fig.  22).  Aa  ve  nov  j>rocei?d  to 
trace  the  transition  from  true  root  to  hypocotvledonary  stem,  ire 
muft  bear  in  mind  the  stracturc  of  the  corresponding  part  of  the 
roun^  M-edling  as  there  described.  It  liaii  alrcadj'  been  shown 
now  tn  the  lovi-r  portioua  of  thu  nuin  root  the  tvo  originnlly 
9e)tante  protoxjrlem  woxse*  unite  centnllj'  to  form  a  single  xykm 
pUte,  but  that  for  »ome  distance  below  the  point  of  tran»iti(in 
horn  root  to  stem  this  coalescence  does  not  take  place,  the  centre 
of  the  root  being  occupied  by  a  mass  of  pareiichvma.  Here,  as 
in  other  parts  of  the  plant,  the  parenchyma  retains  its  actintyj  i 
and  is  capable  of  increase.  This  may  be  observed  in  plants  at  si 
comparatively  early  elagc.  In  those  sent  mc  by  Chev.  Montciro 
(four  months  old),  divisions  in  this  mnlullnry  lixsuc  irere  already 
observable. 

The  ooorte  of  the  raaeuiar  bandies  at  the  point  of  tnuisilion 
from  root  to  stem  was  traced  carefully  in  the  plant  reprewnted  in 
Og.  til,  and  the  following  description  iti  based  chietly  upon  resnltt  i 
obtained  from  it : — 'l*he  main  root  retains  throughout  its  lengths 
(ho  amo  anaDgement  of  its  vascular  system  (iig.  iv),  the  only 
diaage  being  that  higher  up  (».«.  nearer  the  «tem) ;  the  p*ri|ilicrBl 
syslem  n  more  complicated.  In  the  mhcs  of  figurt*  (vi,  i — CJ 
which  illu>trnte  the  transition  from  root  to  Mem,  the  younger 
periphertl  bundles,  a«  well  as  the  epicular  cells  and  sclereneliyoin 
tibres,  are  omitted.  lu  all  cases  the  xytem  is  shaded,  while  the 
phloem  is  left  white.  The  numbered  dotted  lines  in  fig.  tii 
show  the  points  at  which  the  aucoessive  members  of  the  scries 
fig.  VI  were  cut. 

if  we  cam|iare  Gg.  iv  with  fig.  VI,  i,  wc  sec  at  once  a  dilTcrcncc 
in  tJie  arrangement  of  the  central  vascular  group.  In  the  latter 
figure  it  is  divided  into  two  parts  by  a  ]>late  of  parenchvnuitous 
tissue.  The  protoxylen  maaaes  can  easily  be  dbtinguisfied  {pr. 
rjf.).  They  have  (he  same  relative  position  as  in  fig.  iv.  Pro- 
bably the  fi^,  22  of  my  former  pajxr  represents  a  section  cut  a|^ 
a  corresponding  point  in  a  younger  plant :  since  a  ccntinl  fusion' 
of  the  Tascnlar  liasues  did  not  take  place  at  this  point  in  the 
young  root,  the  secondary  products,  as  seen  in  the  older  roots, 
also  remain  permanently  acpamted  by  a  plnte  of  jMrenchymatous 
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.  ^^  ^  ^  —  — «  -  iiw  ■  wiueh  the  foL- 

^jpi^  tkcf  Br  tfS  nif  k«tt  m   anmbec,  m 

•  fisK  «K  mothfT.    Ikw  fBwtion  u  dm  * 

:m  ba&  of  Ub  pwndtiMtouj  li«*De  oqe- 

It«ill  be  wland  tlut  Lfac  cw|» 

^  yiria?l«  BSMC*  M  mora. 

Aa  «■  agiiii  iMBi  fonfaer  upnni«,  «1  a  >iiort  data  nee  >b<m 
Siftfr—  i,  eieh  Mohnjlen  ibub  » tern  to  t&viile  mto  two  (fig. 
fU,  ^,  ud  tt  loe  mate  time  etch  of  ttte  two  groap*  of 
it  fivMled  by  a  pUU  of  [laniachyiiu  tato  two,  w  tint  the 
mlem  of  bua^e*  nov  ^ff^a  anuged  ta  Ami  smapB. 
M  time  inrlTijfff  one  raatonloB  mai  uoand  wnidi  the 
lnuufla  of  the  graop  tend  to  nnine  tliemKlTn  ndudlr.  „ 
w31  be  noticed  iSst  m  dirtiacc  el  m  twn  pain  of  protonleis 
OMK*  in  3  bom  one  anotlter  is  greater  tliui  tlul  of  the  HBglc 
lUM  in  8,  «fa)te  Uie  whole  Rction  b  ellipticii  is  fDrm.  lUi  » 
doabtleM  the  result  mainly  of  Um  kooikUit  actiritj  of  tlie 
MrenebjHia  bo  oflcn  alleded  to.  Thu  niutiDirr  of  periphcnl 
bandies  is  increased.  BeEnriag  to  fig.  iii.it  will  be  seco  thit 
belwrrii  tUu  poicts  3  and  4  there  oontrs  a  luildcn  swrilfng  of 
the  stock,  itcnce  the  difference  in  area  between  8  and  4-  vf  Gg.n. 
As  the;r  ponae  their  course  upwards  from  3,  iIik  four  protuxylem 
masses,  with  the  groups  of  bundles  surroDndiiijiC  them,  acparals 
fnin  ooe  nnother  till  all  four  are  at  equal  didtancea  apart. 
Mcanwhik-  ibu  bundles  of  each  of  tbi?  groapa  arrange  thcnuelvcs 
nosrtf  Bjmmctrically  round  the  four  centrea.  Th«  pcripbanl 
huDuira  uiid>^rgo  frequent  ansstomtHia  at  the  point  of  swellioe, 
V)lb  wiih  one  another  and  with  oicmbcrf  of  tbe  four  ceutnJ 
gruujn.  A  compartmn  of  thu  iwcuons  represented  to  figs,  n,  S 
and  I ,  shows  Uul  though  the  plant  increases  verjr  lantdf  tn 
thicknen  between  tlie  pUnes  of  these  two  section*,  Mill  the  va»- 
cuUr  ■j-slcin  doea  not  ueooine  moob  stroitK'^'r  but  (hat  ibe  uaren- 
chytua  )iicre*ns  vcrv  much  in  bulk.  (N.ll. — 'Vhe  bundles  in  fig. 
VI,  4,  am  drawn  ntWr  too  thick.)  Here,  then,  we  have  lo  doal 
with  a  more  prominent  iiuUtiice  of  tbe  effect  of  tbe  activitj'of  |j»e 
pareneh|ms.  A  cnmpansuo  of  fig,  vi,  1 — 1,  with  6g.  lb  a  u 
and  flg.  8*  •■'  ■■■-  '^■•rmcr  p.iper  will  throw  some  light  on  tbo 
proooia  of  i'  !t.     If  nllciwanoc  be  mailu  for  the  iliffenaiDC 

uf  aculo  of  tjii:  til  u  icric^,  it  will  Ix-  frrn  tlut  n  great  iucreaso  of 
bullc  lias  taken  place,  imd  that  in  projHtitioii  to  that  infrf^"!*  in 
balk  tbe  urigioa'  '  m  nusaes  liuve  lieouine  tei 

from  one  au<  ' .  that  the  increase  is  due  m^.  ,  i^ 

uf  ulcnial  apinsitiun  uf  dsaues,  as  woulil  be  llu  caK  iS  Ui» 
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incteftse  veie  doe  to  a  pcripherai  cambimn  lajer,  bat  to  an 
inlercaUrr  growtb  tbmugnout  tbc  H-ctios. 

From  Uk  ligurt-s  of  Hooka  illustiatin^  the  etradure  of  older 
pliuib>,  aiid  from  obMrvationa  of  dinwcttoiu  of  older  suecimens 
with  the  naked  eye,  1  oonctudc  thxt  after  a  cvrtoin  time  thU 
iiitemlnry  activity  is  ditninithcd  at  the  oeatrc  of  the  plant,  and 
becomes  localised  in  the  peripheral  portions. 

Up  to  fig.  Yi,  4,  we  have  been  able  to  trace  the  relaiioiuhip  of 
the  primarf  bundles  of  the  seedling  to  the  vawalar  system  of 
'  !  older  plant.     Wc  nrnft,  h:>vcver,  leave  the  study  of  tbc 

ward  couRc  of  the  bundice  at  tfais  point ;  before  we  are  aUc 

perly  to  ntiinute  the  relations  uf  the  vascular  tissues  of  tbe 
upper  part  of  the  item,  irv  most  become  better  acquainted  with 
the  external  confonoatioii  of  the  apex  of  the  plant. 


ine 


Apex  of  the  Plaui. — Sxtemal  CAaraelers. 


I     the 

^B  From  plants  of  three  to  four  mouths  ^rrowth  I  was  able  to 

^^bttiu  L-arly  stages  in  the  development  of  lliose  two  structure*, 

which  lie  between  the  cotyledons ;  these  vere  mentioned  iu  mjr 

former  pajier  (p.  1 9,  note),  but  I  waa  not  then  able  to  make  any 

definite  statement  concerning  lb  cm. 

If  a  thick  horizontal  section  be  cut  through  the  apex  of  a 
plant  of  about  four  months  growtb,  it  will  be  fonnd  to  include 
(1)  tlie  bases  of  the  cotyledons,  the  two  being  distingaished  only 
by  two  indentations  of  the  margin  of  the  M-ction ;  (2)  tbe  bases 
of  the  plumular  leaves  (/>.  /.  fig.  vin] ;  (3)  tbe  apical  cone  of  tlie 
^^ni  [ap.),  which  appears  hanUy  any  further  a<iTaiiced  than  in  the 
^^piDnger  s«:dliug3  described  in  my  former  paper  (lig.  1 1>  a) ;  and 
^Bi)  the  two  atractures  in  (lucstioo,  which  be  between  the  plumu- 
^Bar  leaves  on  cither  side  of  the  apical  cone  (^  c,  fig.  vu).    In  this 
figure  tiioy  appear  of  unequal  size ;   thi.t  appunrance  is,  however, 
due  (o  the  Tact  that  the  plane  of  Mction  wa«  not  exactly  horizontal 
tit  tlie  cue  figured.     In  reality  they  are  as  a  rule  nearly  equal  in 
^Hze.     (Note. — Ifig.  10  of  former  paper  is  an  exception  to  this.) 
^Bfaave  obserred  no  sign  of  fresh  lateral  appendages  either  on 
^Biem  ot  on  the  apical  cone,  with  tbe  exception  of  the  fertile 
^Snnches,  the  origin  of  which  is  clearly  advciitilious,  and  will  l>e 
dealt  willi  later.     As  the  plant  increases  iu  size  these  lateral 
cones  grow  more  strongly  tlian  the  apical  cone,  and  overtop  it, 
so  that  in  the  older  plants  they  are  the  only  prominent  struc- 
tures to  be  found  between  the  plumular  leaves  (fig.  iti,  and  fig. 
ID  of  farmer  paper),    'these  two  cones  widen  as  the  plant 
iucrcates  in  age  and  form  the  crown  of  tbc  plant.     In  plants 
with  a  crown  of  three  inches  In  diameter  it  is  possible  still  to 
trace  a  division  of  the  oidwh  into  two  areoa  corresponding  in 
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posiljon  to  thfi  orimnal  lobes ;  but  it)  pUnta  above  this  iax«  tbtl 
chtractcr  i»  ubusII;  lost,  since  (he  oompsratiirclj  small  fisfoi^ 
whkh  marks  oH  tfa*^  two  arms  from  one  mother  is  masked  b^ 
the  much  more  deep  fi»urc  of  Ibe  crown,  wliich,  as  dcfvribeil  bj 
Hooker  (Ix.,  p.  S).  runs  in  a  direction  parallel  to  the  bases  of  Ibe 
pluiDular  !<?»¥<.■«  of  old  plants.  In  all  j>lant«,  hoveTer,  of  raitable 
Bgc  whicU  have  passed  through  my  han^,  ibe  same  conforma- 
tion a|>pears  between  the  plumular  leaves.  We  maj  tlivn  con- 
clude that  the  apical  cone  of  WclH'itschia  ceases  to  srow  either 
apically  or  laterally,  and  that  tlie  erowii  is  derived  oirectij  and 
solely  from  two  latcrnl  cones  arising  on  either  side  of  the  a[HCal 
cone  between  the  pliiioulnir  leaveii;  further,  that  \hctc  miintain 
a  constant  increase  in  width  throughout  the  life  of  Iht^  plan!.' 

The  question  naturally  arises,  what  is  the  morpfaologKBl  nine 
of  the  two  lateral  cones}*  I  conclude, on  the  following groiuids, 
tliat  they  arc  morphologically  axillary  buds  in  the  astla  of  tbe 
cotyledons. 

(a)  Their  position  supports  this  view,  if  allowance  be  made  for 
lateral  compression  by  the  plumular  leaver,  to  tlic  derelopment 
of  which  every  part  of  the  plant  seemii  to  be  subonlinntc.  The 
lateral  cones  do  not  appear  to  be  genetically  connected  with  tbe 
apical  cone  of  the  plant. 

[A]  Such  axillary  buds  are  to  be  found  in  tbe  axils  of  tbe 
cotyledons  of  1''phedra. 

(c)  Their  structure,  when  older,  has  very  little  resembtanoe  to 
a  leaf  (the  alternative  view  being  that  they  arc  a  aecond  pair  of 
plumular  leaves). 

(rf)  The  development  of  axillary  bad*  is  the  rale  in  the  fertOe 
branches  of  Welwit«chia,  and  this  occur*  in  the  axils  of  tlie^rri 
pair  of  leaves  of  the  mule  brand). 

The  position  of  the  leaves  and  their  insertion  at  the  base  of 
tlie  leaf  grooves  are  facts  already  so  well  known  that  they  need 
hardly  be  again  described,  llcfcrencc  need  only  be  made  to 
figs,  ui  and  viii,  in  whidi  tbe  weli-known  anaDgcmcnt  will  b« 
easily  recognised. 

Hfpoeotytedonaiy  Stem  ami  Apical  Region. — Internal  Slmeiure. 

Via  shall  now  be  in  a  position  to  continue  the  studr  of  thai 
courte  pursued  by  the  vascular  bundles  as  they  proceed  up  the 
hypocolylecbnan,-   stem.      Wc  have  teen  the   ccnirid    bundles! 
arrange  tiiemstive)'  round  four  centre*  (fig.  vr,  4),  while  in  tJic 
peripheral  purt  of  the  »<-ct>on  appear  a  number  of  sninll  bundies,J 
vhich  anastomose  freely  both  with  one  another  and  witJi  tbej 

>  At  a  pnrallrl  case  lo  this  is  oitecl  \tj  Mr.  W.  T.  Tbisdlon 
Jfora  tittita  of  Briliali  Ouiaua. 
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members  of  Uw  ociitral  groujia.  SucoAftive  KcctioDS  liigli«r  up 
the  attrn  shov  a  gradual  dcTiatinn  rroin  this  arningetn«nt.  The 
four  ecntrkl  gronps  epUt  ap  into  smaller  central  bundles 
(B|f.  VII,  5) ;  llie?c,  tiowi^vcr  »<tU  rcfua  s  poaition  obviouslj' 
related  to  four  ocntn-n.  Above  fig.  vii,  i,  it  wu  not  poMiblcto 
iili-iitiry  iW  jmrnarv  biindli-!!.  Aa  they  jiroceecl  again  furthtr  dj> 
the  atem,  the  bundles  ueartr  the  centre  of  tlie  transverae  Aeclion 
bcj^n  to  rotate  separatt-lj  on  their  axes,  so  that  each  assumea  a 
pofilion   with  its   xylrin  directed  lowarda  the  centre  and  its 

tihluein  toward*  the  |ierii)beT}'  of  the  arction  (cf.  the  rotation  of 
lundlea  in  the  bvpocotfledouarj'  steio  of  the  seedling ;  former 
pa}ier,  p.  Zi).  At  the  same  lime  the  conrses  of  the  bniidlea 
diverge,  W)  tint  llic  whole  bundle  system  becomes  separated  into 
(<i)  a  {[roup  of  buiidk':<  wbicli  arrange  themselves  into  two  wnvy 
nearly  {laroUeJ  lines,  and  which  are  clearly  the  bundles  which 
come  in  from  the  plumnlar  leaves  (bUtt-spurwhichl) ;  this  is 
seen  to  be  the  case  in  fig.  vn,  6,  where  the  section  includes  the 
mnr^ns  of  the  plamalar  leavee ;  (6)  a  central  group  of  small 
bundU-K,  which  will  Ik  aflcrwuds  seen  to  ran  up  into  the  lobca 
of  ihe  crown ;  and  (<■)  a  iR-ripberal  surii's,  wliich  arc  regularly 
wranged  wilh  their  xylem  towards  ihe  cetttn;  and  their  phloem 
towards  ihe  periphery.  Itetwecn  tliew  varioos  wries  are  to  b« 
soeu  bandies  vhicn  porsue  a  borixontat  course,  and  keep  up  con- 
nvctioD  between  them. 

For  the  furtlier  elncidalion  of  the  bundle  sjslem  of  the  aj>cx 
we  rnunt  refer  to  Uirigitudimd  sections.  Since  the  lobes  of  the 
crown  have  a  bundle  syxtem  of  tlieir  owu,  it  is  lo  be  expected 
that  the  arrangement  of  bundles  will  appear  different  according 
as  sections  aiD  made  id  a  median  plane  (Og.  lit,  b),  in  which  case 
the  central  lobes  woidd  be  only  sfightlr  touched,  or  in  a  tangen- 
tial plane,  which  would  pns»  through  the  lohe  as  in  fig.  in,  a. 
Such  sections  are  represented  in  f!g.  viii,  a,  b.  In  both  of  Ihesc 
may  be  »e«n  the  two  deep  leaf  grooves,  with  the  bases  of  Ihe 
plumular  leaves  still  adherent.  Between  the  two  grooves 
rise  the  lobiw  of  the  crown.  In  the  one  caae  (a)  one  of  these 
lubes  u  cut  Ihrongh  longiludinnlly,  iu  the  other  (u)  it  presents 
its  centra)  edg«.  The  dark  shaded  peripheral  porltoiu  of  tbcsc 
eections  represent  the  masses  of  brown  corky  tissue,  which  arc 
specially  large  at  the  upper  part  of  the  stock,  and  are  produced 
by  the  d<)n«dat(onB  of  portions  of  tissue  oripically  active.  'ITie 
pruens  of  dcgradali<.<n  i-xtcnils  as  the  plant  become;  older,  and 
evftD  vucular  unndles  .ve  nften  to  be  fouod  incluik-d  in  Uie  rJlete 
mass,  esiieciuUy  in  older  plants.  .\  similar  degntdstion  is  also 
to  be  found  at  the  apex  of  the  lobes  of  the  crown.  The  limit  of 
the  degraded  tissue  at  the  up)Kr  part  of  the  pbtni  is  not  marked 
by  any  very  dcSnitc  cork  layer  specially  developed ;  it  api)ears 
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rattier  thnt  a  proceM  of  change  goe«  on  in  the  cpU  wa\ia  of  tk 
tiMuc»  a)r«iidy  formed,  and  extends  gradually  inwards,  ■obuo' 
panied  by  lu«s  of  tbe  oeU  oont«iit9. 

From  the  basea  of  the  leaves  bundles  are  aeen  Ui  ester  tb 
stem  ("  blatt-HimnchicUt,"  De  Bary,  *  Vcrgi.  Anat./  p.  Ml. 
"Vascular  stratum,"  Hookor).  Tbcw  pursue  for  a  cerUia  fr> 
tancc  a  nearly  paralUI  course ;  later  the;  break  an  into  incfiiitK 
branches.  This  it  best  sceii  in  fig.  mi,  b.  This  fact  i»  tuAj 
reconciled  with  what  we  bare  ^readj  seen  in  Irans vcrxe  sectiuaa 
In  oomptring  the  wreral  figures  it  mast  be  remembemd  lint  Uk 
doited  line  in  fig.  viii,  b,  indicates  tbe  point  to  which  tbe  tnu- 
verse  section,  fig.  vt,  6,  corresponds  ;  while  thn  section,  fig,  »i, 
5,  is  taken  at  a  point  wme  distance  bdow  the  branching  of  tlh 
bundles  of  the  leaf  truce  (Hlalt  SpurliiJniH).  Prom  ihrm 
bundles  of  the  leaf  trace  branches  are  given  off  in  diAerent  dine- 
tions;  for  clearness  sake  these,  and  others  which  iitlurtwine  wdh 
Uiero,  ma;  be  ranged  into  several  calegoiies  according  to  tb 
direction  of  their  coorrc  ;  theac  categories  merge,  however,  into 
one  another. 

(<i]  Branches  which  run  boiizonlftUy.  Thoae  take  a  conne 
along  the  inner  margin  of  tbe  bnndl<-4  of  ibe  lt*f  trace  (fig.  n,  Ri 
and  »eitd  out  branches  between  tb»e  handle*  towards  thf 
]>cnpbery  ;  or  tber  take  a  direct  course  between  tbe  bandies  tt 
the  leaf  trace,  and  run  out  into  tbe  peripbenl  part  of  Ibe  stotikt 
this  is  moat  common  nt  the  centre  or  the  stock,  lu;.  riit,  n. 

(i)  Branches  winch  «4cvK4f  either  (i)  into  tlw  mitral  lobes,  or 
(ii)  into  the  upper  peripheral  parts  of  tlw  stock  ffif.',  vm,  *). 

Lastly  (f),  Vam  is  a  third  serin  of  btimiles  which  are  appa- 
rently not  in  dircot  oonnection  with  the  buiidli>s  of  tbtr  Ipnf  tnce 
these  run  uptbe>ten,and  passing  between  the  bundles  of  t1i.'''nf 
trace  (apparently  without  any  anaslooKnic}  continue  their  r 
iiitothciobc«oftbe  crown.     We  have  thns  a  direct  vnt-r  ' 
nrction  kept  up  between  the  following  Mrvi-rni  pons  (H 
(1),  between  the  leaf  and  tbe  |K>npheral  jMut  uf  ''  ■ 
between  the  leaf  and  tbe  lobes  of  the  crown,  and  <'.i.  Kiiw.-ci,  iiu> 
lower  part  of  the  stock  and  the  crown.     It  will  be 
that  these  connections  are  similarly  kept  up  in  the  older  ' 

Tbe  mnlual  vnfcalar  conaeclion  of  flifTereot  )iorl*  nf 
phery  of  Ibo  slock  l*  also  very  wmplelf .     In  flp,  vm  it  is ) 
that  ainastonh>si«  of  handles  in  this  part  of  the  plant  is  frt^a 
This  is  iDOrf  I      '  iJa!  a«;tio«s  at  ihi"  periphe     ~ 

roorr  esprri:-  hrr"  thi-  bnndlee  are  ««» i 

n  ii  <~'r.      lo  the.  sB 
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tbi-T  pass  tr  nf  the  »toek,  wi  i  at- 

ttansvrnc  s<;t.i.u>.  yi>^.  ..,  ^}  at  a  re^Ur  |it4.j.<i.ia>  vum; 
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majr  be  »tea,  in  Bg.  viti,  how  this  happens.  1  have  no  evidence 
of  "  bliurl "  endings  of  boodlca  in  this  part  of  thu  plant,  though, 
oiring  ti>  the  grot  ungolaritx  of  counc  uf  the  liundtes,  t!ie  {iroof 
of  auch  endings  would  oc  ven-  diliicult.  It  cannot,  therrfotc,  be 
assert«i  that  tiuij  do  aol  cxwt  (cf.  "  C/os,"  Dc  Barj-,  '  Yuigl. 
Anat..'  630). 

Id  borizoDlal  Aedion  the  lobes  of  the  crown  present  an  appear* 
■noe  u  in  tig.  ix,  a,  h,  the  foroKr  being  a  »cctiuu  near  the  oase, 
and  tbe  Later  dcat  the  apex,  of  one  of  the  lobes.  Extemally  the 
lohe  is  covered  trith  epidcmiis;  beoaUi  Ibis  is  a  tissue  capable 
of  diniion,  in  Uct,  this  is  the  chief  formatire  tissue  of  the  lobe, 
by  means  of  which  il  iucKa»e«  in  bulk  (cf.  iafn)-  ^ucuUr 
l)uii<llt;9>  ore  Mattered  tomewbat  irr«guUr!^  Ihrongb  tbe  section, 
but  ibey  Mil  dviiientlv  arranged  with  relation  to  the  centre,  the 
xylem  being  uiiuaily  central.  The  peripheral  bundles  pursue  a 
less  regular  cour&e  than  those  nearer  the  ocntie ;  thejr  anattomose, 
and  ran  hoiizontull/,  kc  These  irrcgulsrilics  are  again  more 
marled  in  the  later  developed  bundlm,  which  are  formed  as  Itie 
lobe  increases  m  size,     in  large  plants  the  course  of  the  peri- 

SihcTal  handles  of  the  cruwo  u  vvij  gijunous,  and  di£Bcult  to 
oilow  (cf.  iitfra).  As  before  stated,  the  tiasuee  at  Uie  apex  of 
the  lobe  suffer  a  corky  deendation,  vhieh  starts  at  the  ajwx  and 
apruds  badcwirds,  induing,  as  in  Uic  stock,  not  onlj-  paien- 
cbymatoas  tissue  and  spicular  eella,  but  also  TasouLar  bundles. 

UTe  must  now  turn  our  attention  to  the  region  of  greatest 
vegetative  activity,  vix.  tbe  b»ae  of  tbe  leaf  grooTe.  If  a  longita- 
dinjil  section  he  inude  through  this,  the  whole  masa  of  ttssae  is 
round  to  be  iu  a  Rtare  of  active  iDcrease.  The  direction  of  tbe 
iliTisiona  it  shown  in  &g.  x,  which  repnaents  nndcz  a  higher  power 
tbe  area  marked  olF  (x)  in  tig.  viii,  a,  Mii  iucludut  part  of  tbe 
outer  and  inna  lipa  of  the  leaf  groove-,  tJigether  with  tbe  basal 
pKrt  of  the  plumuuT  leiiT.  The  divisions  in  the  tiuucs,  beneath 
the  e{Hclenni>,  which  coven  botli  tips  of  the  groove,  arc  most 
frcc|nent  in  a  direction  parallel  to  the  surface,  so  that  the  chief 
increase  of  balk  of  ti»«ue  is  in  a  direction  perpciulivukr  to  (be 
Borbca.  The  divisions  iu  the  taseues  of  the  stock  belov  the  base 
leaf  groove  arc  mainly  traDi>vi^ra«  (a»  regards  the  axis  of 
ick).  A  growth  in  lei^tJi  of  tbe  stock  is  thna  eSected. 
lie  divisions  at  the  base  of  t£  leaf  itself  arc  mostly  in  a  aimilar 
ri^lion,  that  is,  at  right  angles  to  the  surfaces  of  the  leaf; 
an  increase  in  kagth  of  the  leaf  structure  is  thus  produced.  The 
divisiciua  in  Lbuac  several  |tarts  beinf^  constantly  repcvled  in  tbe 
ssmc  dirrclinii,  t)i«  oolU  assume  iiii  urrauKUneiit  in  rowa  at  ngbt 

I         (  division.     Sucn  njws  maj  be  (raced 

<    i  I      ;   I       'i_    <       .11'  greater  part  of  the  np|iec  portion  of 
plsjils  ul  ihu  augo  01  development  of  fig.  lu,  and  this  shows  that 
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Uie  greater  part  of  tbetr  (ismes  have  been  cm-  are  concerned  ni 
simikr  divuioii.  0(  coarse  the  rows  of  cella  are  not  so  elrad; 
marked  in  ifac  ol<lcr  parta  u  at  th«  base  of  tUe  groove,  when  tk 

<  increiuu  a  most  active :  still  tbey  an  aaiij  trmceablr.  I  btt 
accordingly  tried  to  repreeent,  by  means  of  lines  in  Rg.  nu,  i, 
tbe  direction  of  these  rowa  of  parcDcbvcnatoua  evils  (cf,  Sacii^ 
'Anordnang  der  Zcllcii  in  jiingitcn  rflanzeQ-tbcilcn/  Hg.l). 
Young  Fpiculai  cells  maj  often  be  found  pushing  their  gniwiif 
ends  Wtween  the  jroung  tissues  (for their  development,  cf.  ts/rj). 
fresh  vascubr  bundles  abo  appear  below  the  surface  of  thr  li-« 
pf  the  groove,  bat  their  course  is,  aa  a  rule,  mi  tortuoits  1 1 

'  can  odIt  be  followed  with  difficulty.     In  the  leaf,  however, 
course  briug  rectilinear,  it  can  cosily  be  Iraoed  (Sg.  x). 

Cell  divi:iioD  continues  Ihroughout  the  life  of  the  plant  in 
directions  deiteribed,  relatively  lo  the  leaf  grooro.  The  IL 
cells  tbua  produced  assnme  an  approximately  cubical  foL_ 
Bearing  these  facts  in  mind,  we  shall  dc  able  to  undcratand  bo« 
the  further  development  of  the  plant  proceeds.  Since  tbe  divi- 
sions in  the  tissue  immediately  below  the  epideimia  of  both  liw 
of  the  groove  are  mostly  parallel  to  the  surface  of  the  groove,  u 
incT'^se  in  bulk  lakes  place,  both  in  the  crown  and  iu  ibo  a|)| 

iiart  of  the  stock,  mainly  in  a  direction  perpendicular  to  the  » 
see,  ■'.  e.  both  the  crown  and  the  upper  part  of  the  stock  becoi 
wider,  at  the  same  lime  tbe  depth  of  the  leaf  groove  does 
matcTially  iocrense.     We  have  seen  that  below  the  base  of 
leaf  groove  the  divisions  are  mainly  in  a  direction  perpcodicnlar 
J  to  the  axis  of  the  plant ;  heuce  there  results  an  inereafv  id      | 
I  length  of  the  whole  plant.     But  aa  the  width  of  the  crown^l 
I  increases  the  activity  of  the  central  potti(Hi  falls  off,  till  f!nal)^| 
growth  in  length  ceasea  in  that  luit.     The  centre  is,  (hcrcfore,^^ 
overtopped  by  the  more  actively  growing  peripheral  part.     Ileprt 
originatea  the  cup-like  form  m  the  apex  of  nid    p[:. 
I  Hooker's  figures).     We  hare  already  an  htdicaltoii   oi 
,  Eg.  xj.     Finally,  the  divisions  in  the  base  of  tbe  leaf  , 
.  mainly  transverse,  and  thus  the  growth  of  the  leaf  is  - . : 
longitudinally.  For  tbe  verification  of  Uiese  several  conclusj 
figs.  X  and  xii  of  this  paper  should  be  oomparrd  with  th*> 
of  older  plants  given  tn  Sir  J.  Hooker's  memoir.     It  will' 
bo  easily  undcrstoo<l  how,  by  the  increase  in  width  of 
of  the  crown,  the  bundlftt  of  the  leaf  trace  {vascular  »t____ 
.1.  Hooker)  of  the  pliiinulnr  leaves,  which  are  m  the  young  p! 
pnrnlleJ  to  one  anotlur  (tig.  viii),bocume  wnlgi-il  nf^iri       l 
plant  grows  the  angle  between  tliem  constooUy  ini 
.very  old  plants,  (be  basu  of  the  leaves  almoel  lie  m  ,hq 

Thia  Hctloa  fiu.  xi  serve*  ai  an  intennodiale  »1nge  bi^ 
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Jtlaitt  reiuTSentMl  id  Gr.  ni  and  the  oMer  pUots  dc^ribed  and 
ig;iired  by  Sir  J.  Hooker.  On  conpiirison  it  will  bo  leeo  that, 
tboogh  tue  relative  positioDs  of  the  sererol  parts  nrr  slighUj- 
sltcTfd  by  growth,  the  arrangement  of  the  TBscuiar  bumilci  cor- 
responds to  that  alrculjr  d»cribvd  in  the  younger  plant.  We 
are  able  here,  k  before,  to  trace  a  direct  vaeculnr  connection 
(1)  between  the  leaf  and  the  peripheral  uurl  of  the  stock,  (i) 
between  the  leaf  and  the  crown,  and  (3)  between  the  ttock  and 
the  crown.  It  may  further  he  ob»erved  how  in  IbiR  older  plant 
the  ovntnl  bundles  of  the  slock  collect  at  some  distance  below 
tltc  eiitrr  of  the  Icjif  bundle*  into  groups,  which  are  identical 
with  the  centml  vascular  }{rou|)if  described  in  the  lower  put  of 
the  stock  of  the  jonnger  plant  (cf.  fig.  vi,  4,  5).  On  the  other 
hand,  the  arrangement  of  the  vascular  bundles  in  fig.  xi  obvionslj 
eom-sponds  to  that  described  bjr  Sir  J.  Uooker  in  older  ptaiit«. 
Wo  have  here  (using  his  nomeDclnture)  the  "vaacular  stratuni," 
eoositting  of  the  bundles  which  enter  from  the  leaf,  the  "ascend- 
ing bonoies,"  which  rise  into  ihe  crown,  and  the  "  fldcendiog  " 
ajstcm,  wbicb  passes  into  the  stock. 

Th«  acbnoe  of  vascalnr  arrangement  proposed  by  Bertrand 
{'jVnn.  d,  Sci.  Nat,,'  s(!ric  v,  toI.  xx,  pi.  12,  lig.  ll-)  may  be 
here  noticed.  A  gUucc  at  the  Sgnres  illnstnting  this  paper 
will  be  enough  to  snow  (hat  his  sobeioe  does  not  iiccord  with  my 
obMrvatioDS. 

In  order  to  confiriD  our  rranlts  we  may  turn  to  the  ajijieatance 

Iircacntcd  by  sections  taken  from  an  old  pUnt  in  the  i)!!iDe  of  the 
lundles  of  the  Iciif  tmce,  so  as  to  follow  their  course  into  the 
stem  (6g.  xii).  From  these  it  is  learnt  that  the  lc«f  bundles  do 
not  all  run  tlie  same  distance  into  the  Rtem ;  that  liter  vary  in 

Ithis  respect,  some  pursuing  a  direct  course  almost  to  tno  centfe 
before  tDcy  pass  out  of  the  plane  of  section,  others  successively 
lesa  distances ;  aUo,  tluU  thei<^  is  a  certain  amount  of  rt^ulan'ty 
in  their  arrangement,  thoM;  wliioh  continue  Ihdr  course  for  a 
less  distance  in  the  plane  of  section  aJteniating  with  tho»e  which 

Enrsue  a  direct  course  for  a  greater  distance.  Purther,  that 
nforc  leavii^  the  plane  of  section  the  bandies  usually  divide, 
and  Um!  branches  often  nnastomose  with  bundles  pursuing  « 
conne  perpetidicular  to  tbem;  or  tbey  may  simply  curve  out  of 
tite  pbne  of  section  without  ana'tomosis,  and  take  a  lon^tudtnal 
course  upwards  or  downwards.  Lastly,  of  the  bundles,  which 
appear  cut  transTerwilv  m  fig.  xii,  whih;  some  arc  connected  by 
auaatomoins  wilb  the  Ijnndlu  of  the  leiif  trace,  others  Bp[>car  to 
be  quite  scpante  from  them ;  these  are  the  bundles  alrtwly 
mentioned  which  iiass  between  the  bundles  of  the  leaf  trace,  and 
maintain  a  direct  vascular  oouaection  betwcm  stock  and  crown. 
It  will  be  seen  in  fig.  xii  that  ficsh  bundles  running  per|)cndtcnliir 
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to  tli«  Mction  ara  fonned  at  the 

nearer  the  vhaded  imrtion  of  ... 

rcgWD  of  greatest  TcgciKtiTC  artivttj  at  (be  ban  of  tn«  Iraf, 

Od  eompsring  ibc  dcacription  now  given  for  tine  older  plant 
with  that  brfore  given  for  tiie  younger  plant,  we  moat  ooDclude 
that  tbe  raiculni  arrangement  corresitonds  in  tbe  two  caaea,  and 
thst  DO  fnn'laff'Tf'**  cfajmgr  appear*  in  tbe  mutoal  nacular  con- 
neetiofM  aa  tbe  denknnncDt  of  tbo  pUnt  proceeds.  Tb«  chief 
dilTcrcnce  bca  b  Ihe  fact  that  the  bundles  of  the  leaf  txmoe  do 
not  all  proceed  for  an  eqnal  di*tanee  into  tbe  rt«in  in  the  older 
pUni;  and  this  hai  an  iinimrtaut  bearing  (1)  upon  the  mode  of 
lllcfQMe  in  namber  of  the  bundles  in  tbe  leaf  as  its  devclopmcnl 
pioMede,  and  (^]  ou  tbe  arraogemeut  of  the  bundles  in  the  slock 
n  the  older  plant. 

It  is  an  obrtous  fact,  which  maj  be  obMrved  on  cotaparing 
plania  of  ililferenl  agea,  Itiat  the  pluniular  leave*  inoreaae  in 
width  aa  tbej'  grow  older,  and  that  this  is  aocompanied  b;  an 
inoreaae  in  the  number  of  tbcir  vascular  bundles.  The  qtrntion 
tberefote  arises — lion-  and  when;  Ur-  trcsh  bundlrs  are  formed? 

Tha  eoane  of  tbu  firH  two  bundim  of  tbe  plumular  leaf  w 
diHicribed  ia  my  former  paper  (cf.  fig.  15,  a).  Comparing  this 
with  out  fig.  VIII,  we  see  that  at  first,  at  all  events,  the  uumbcr 
of  bundlfls  is  increased  by  the  successive  development  of  fmb 
bundles  near  to  the  margins  of  the  leaves.  In  the  case  in  quealioD 
we  have  two  pairs  of  lucb  seeoudaT;  bundles,  bat  this  mode  of 
iiKrcaae  in  number  of  the  bundle*  is  nut  continued  in  the  later 
•tagea  of  development ;  this  is  proved  liy  such  an  appearance  u 
that  presented  in  fig.  vi,  G,  7.  On  carefully  examining  aoeb 
"i  etioni  as  the  former  of  these  no  trace  of  young  marginal  bundle* 
in  course  of  deveiopnienl  is  to  be  found.  On  the  otber  hand, 
there  appear  betwc4;[i  the  older  bundle  of  the  leaf  tracu  younger 
bundles,  as  «hown  in  Qg.  vi,  7,  niiicli  are  evidently  freshly  intct^ 
colated  between  the  pre-eiisting  bundles  of  the  leaf  traee.  Ia 
fig.  xu  we  have  further  evidence  of  this  intercalation  of  freah 
biindlc«i  whic!)  nccms  to  ho  more  commoii  in  older  than  in 
younger  plants.  Utese  youngt^r  inlcrcalntcd  bundles  run  parallel  , 
to  the  older  seriest  but  do  not  extend  ^o  far  into  the  stem ;  iO^B 
fact,thote  bundles  vfaioh  are  yonngeat  follow  the  plane  of  thelewH 
for  the  shortest  distance  into  the  item.  We  have,  then,  as 
explanation  afforded  us  of  the  diflWenoe  of  th«  bundles  in  this 
respect,  and  we  may  pn-sumc  (hat  the  same  rule  applies  to  tha 
bnodlea  of  the  leaf  tmoe  throughout,  that  is,  that  the  oldest 
hnndlea  are  those  which  extend  riirlhrnt  into  the  nttm  in  tbe 
phnc  of  tho  leaf,  while  those  which  extend  sucocsnivciy  a  loss 
diatanoe  are  younger.  .\nd  this  leads  us  to  tlie  lecuml  point, 
ria.  Ihe  beaiiog  of  tbesc  conclusions  upon  the  arrangement  of  the 
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bundles  in  the  lower  part  of  the  stock.  It  iua  been  deMribed 
br  Uookcr  (p.  \t)  lioir  in  the  5took  nud  root  of  old  plants  tbe 
pi-riphrrAl  bundk-s  arr  urrant^cd  io  niig*.  Tbc  DUlcrmost  of 
theK  ringR  in  thn  loungest.  This  is  Ihe  n»tural  rctult  of  a 
prooesi  of  continDed  interealatioQ  of  fnA  bundks  of  tbe  leaf 
Ifan  as  abore  <lesmbm),  follovod  in  each  case  by  a  curvature  of 
tbo  ncvljp-fomied  bundle  out  of  ibv  plane  of  Ihc  leaf  trace  into 
Ibe  pcripbcral  part  of  tbe  ilein  :  and  nince  before  tbis  curvature 
each  new  bundle  proceeds  a  shorter  distance  toward*  the  omtn 
of  the  stciD  than  tbc  oext  older  bundle*,  it  rill  appear  in  trans- 
verse section  of  (he  slcu]  nearer  tbu  circumfi-reucc  of  the  section 
than  tbey.  A  fiiuilar  explanation  of  the  arraii^fcmcut  of  bandies 
mav  be  giron  for  tlio  erown ;  liere,  however,  ibe  bundles  arc  less 
regularly  ananged. 

Immediulcljr  IkIow  the  surEice  of  tbe  lips  of  the  leaf  groove 
is  tu  be  teen  a  veijr  complicated  nrtwoik  of  anastomosing 
bundled,  uaoally  of  small  size.  Tliesc  btv  represented  in  &g.  xii, 
which  includes  the  lower  lip  of  tlic  groove,  I  did  not  observe 
anv  blind  endings  of  Uieae  bundles,  Uiougb  such  endings  maj- 
exift.  Still  to  prove  this  t*  verj  didleult,  siiiee  Ihe  bundles 
pur>uK  a  mont  tortuous  course.  A  similar  sj^tein  of  handles  is 
fouDii  lit  the  periwherj  of  the  crown.  Thwc  bundles  are  aooom- 
panied  bj  tracbcidfi  willi  rcticuint<.d  walls  (v  llobl's  "transfu- 
sioiis  Gewebe ;"  of.  Strasbui^ur,  'Coiufereit,'  p.  UD)-  In  old  plants 
tien  bandies  attain  a  considerable  aiite,  so  that  tbejr  cnn  casilj' 
betemgnised  witb  Ibe  naked  c^o.  Further  from  tbc  lip,  must  of 
these  buDiUei  join  some  few  main  tnuiks,  which  jmrsue  a  more 
regular  course,  and  finally  join  (he  d(-M:cndiDg  bundles  of  the 
leu  trace  fiat  all  of  them  do  uol  end  tlius.  As  before  men- 
tioned tbs  corky  degraibtioti  of  tissue  at  the  a)»rx  of  the 
plant  often  includes  vascular  bundles,  and  tbis  is  especially 
oomtnou  in  older  plants.  It  is  ecrt-iin  of  tbeaa raaiifying  bundles 
which  are  thus  included  in  tbc  dcgrndci)  liisii*. 

We  have  aeon  in  my  former  jxper  that  ii>  the  earlier  stages  of 
duvelopnxnt  tbo  vaecutur  system  of  W'elwitscbia  docs  not  dilfer 
greatly  from  that  of  other  allied  plants.  The  primary  structure 
of  the  ro<ft  eoTTPsponds  closely  t«  that  of  E|)hcdra,  while  tbe 
arrangBmcnl  oi  the  bandies  of  tbe  liyiweotylcdonary  taeni  nrceonts 
no  very  temaikablc  pcculinrilie*.  It  is  only  nhna  the  plumnlar 
l«avca  bf^n  to  develop  tlul  the  vascular  sptem  asvumca  an 
•rraiigemenl  peculiar  to  this  plant,  t^till  it  is  inteiesting  to 
trooe,  even  in  plants  of  eonfiderahle  age,  how  close  is  the  coire- 
•poordence  in  arrangement  of  bundles  lo  that  described  in  my 
former  paper  cm  the  seedling  of  tbc  plant. 

In  the  root  (lie  seooudny  thickening  proecuds  al  Rrrt.  in  tbc 
normal  nunncr,  and  though,  lu  the  agn  iiiereasds,  frrvh  peripheral 
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bamlka  uc  formed,  still  evvn  ia  very  oU  notolfae  primary  zj\rm 
Duaaw  wai  the  Ural  prwIocU  or  (ecosdarjr  thickraiag  vnj  be 
obterved  wiUi  oerUint}-. 

PassiDg  upwards  from  tli«  root  lo  the  hniocotyledonar)*  stem, 
wc  have  seen  that  in  a  plant  of  coosidcrsble  age  (fig.  lu)  the 
courac  of  the  pnman>-  xvli-tn  grouio  could  be  oceutmtclj  followed ; 
that  aa  wc  yast  from  the  root  upwards  the  t*o  primary  sfUm 

Soups  separate ;  that  each  dirideainto  distinct  parta;  tost  these 
iir  pans  could  bo  traced  into  the  hrpocntyledonary  st«m,  in  a 
tmnnvrrec  aectioD  of  which  there  appears  rotuiil  each  of  tlic 
four  priiiisrj  xjrlem  groups  a  number  of  seooodarjr  bondka 
arranged  in  a  railiutt^  miimit-r.  Comjuring  these  facts  with  tbe 
obaervationjt  recorded  iti  tiiv  former  papeT  on  the  seedling,  it  will 
be  seen  that  ihe  lower  part  of  t!ie  plant  rotains  for  a  considerable 
time  au  arraugeineDt  of  the  vasculat  tissues  which  is  retj  clo«elj 
lelsted  to  that  of  the  seedling.  This  grouping  of  the  secosdary 
vascnlar  bundleii  round  four  oisntres  corresponding  to  the  origiiial 
vascular  bundles  of  the  n^ilting  may  also  be  obeerrcd  in  jittota 
of  mucli  greater  age  thanthiit  represented  in  fig.  iii.  Sir  JoMpb 
Hooker  observed  and  figured  tl,  (hough,  as  thf^  structure  of  tM 
seedling  was  then  unknown,  the  explanation  of  the  fact  in»  not 
obvious. 

As  we  approach  the  plumular  leaves  the  arrangement  of  tbe 
sccondarr  vascular  bundles  corresponds  leas  clo«ely  to  that  of  the 
primarj  bundlra  of  the  seedling,  and  seems  to  be  determined 
rather  by  the  fonn  and  pui>itioii  of  the  plumular  leave*  thao  hj 
relation  to  the  pre-exifting  bundles.  The  vascular  arruigeineBt 
at  the  upiier  part  of  the  plant  having  been  fully  described  above 
need  not  oc  here  recapitolated ;  we  must,  however,  for  a  moment 
notice  the  system  of  small  frequently  anastomosing  bandies 
which  is  found  immediately  bdow  the  surfaces  of  the  leaf  groove. 
Tiio^e  are,  a*  far  n»  I  know,  uniijue.  I'hey  do  not  ejclend  far, 
and  appear  as  a  rule  to  be  thrown  oft  wilh  the  masses  of  t^cte 
tissue  which  cover  the  apical  part  of  the  stock  and  crown.  They 
appear,  therefore,  to  be  in  the  main  a  temporary  »)»tcm.  It  " 
with  tliem  that  the  vascular  system  of  the  fertile  brunches  is  go: 
nected,  as  will  be  stated  below. 

Comparisons  have  been  drawo  between  tlie  bundle  aystcm 
Welwitschia  and  I  lint  of  other  plants.  For  instance,  StTa.<bu]^ 
('  Conif.  ii.  Gnet.,'  p.  376)  compares  the  stem  with  that  of  the 
l*ii«raceff,  A  inaranthaceic,  and  Nyctnginesc,  while  De  Bwy 
('  Vcr^l.  Anat,/  p.  (181)  dtfs,  in  eoiinection  wilh  it,  the  Chcuo- 
podiactte,  Amarantscetc,  and  Mirabilis.  There  are  uiidouhtcdly 
points  in  common  between  these  and  Welwitschia.  It  atjil 
remains,  however,  lo  investigate  the  structure  of  various  plauta 
oiled  bj  Hooker  and  .Straaburger  a»  having  an  c^ttemal  CtWiforv 
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inatioQ  more  or  less  like  that  o(  Welwit#chia,  and  it  is  perhnpc 
in  tl]ea«  plaata  that  wc  may  hope  to  lirn)  iht'  clo»e»t  sJmiUritjr  ot 
vascular  arrangnDcnt  to  thiit  in  Wi-itvitKchia,  which  app««n  at 
present  ntuqne,  snd  more  c«|>eciallj  so  at  the  upper  jart  of  the 
plant. 

Dfvdopmait  oj  FeriiU  Branches. 

The  oTigin  of  the  forlilo  branabes  is  a  point  hitherto  anohwrved. 
I  have  bivn  .lupplied  from  the  Kev  ooflecHona  with  material  for 
the  study  nf  tlic  ileTclopraent  of  the  n»le  branches.  Since  tJif. 
position,  appearanci:,  and  structure  of  the  female  branches  is 
similar  to  tncic  in  th«  mature  flute,  wc  may,  for  the  present, 
usume  that  they  resemble  them  abo  in  their  mode  of  uerotop- 
ment. 

The  development  begins  at  some  distance  from  the  baiw  of  tJie 
leaf  groove,  and  usually  on  the  inner  lip  of  the  groove,  though 
exoeptions  to  this  rule  are  cited  by  Hoolter  (p.  20).  'Hie  point 
at  vhich  the  dcrclopment  of  a  fertile  branch  t>  about  to  begin 
may  be  rccogutwd  externally  aa  a  dark  dot,  the  change  of 
colour  of  the  iImuc*  at  that  [wint  being  due  to  the  increase  in 
the  quantity  of  i'tarcii  aud  protoplasm  which  they  contain. 
First  there  appears  a  ring-lite  depression  of  the  surface  (fig. 
xui,  1);  this  deprcssioD  deepens,  while  the  central  part  enclosed 
by  il  grovs  on  {%').  As  the  development  proceeds,  that  part 
of  the  rbg  furthest  from  the  base  of  the  leaf  groove  is  more 
depressed  than  the  purl  nearer  to  it.  Tlie  reault  of  this  is  that 
the  central  coue,  which  assumes  the  functions  of  the  >pieal  cose 
of  tile  young  branch,  is  turned  upward  (3,  4).  The  apex 
of  the  cone  docs  not  rise  above  toe  level  of  the  surface  of 
the  lip,  and  it  is  thus  protected  during  its  early  stages  from 

Sressurc  of  the  pluniular  kaf.  The  tissues  surrounding  the 
eprcwion  grow  meanwhile  more  rapidly,  so  that  the  apex  of  the 
young  hrsuch  is  gradually  arched  over  by  tla|>s  of  irregular  shape, 
which  give  to  the  branch,  when  seen  from  above  (fig.  xiii,  5),  an 
apiKaranoe  as  though  it  hod  been  devclojxid  endogenonvly,  and 
verv  breaking  through  the  external  tissues,  l^ia  appear- 
anc«  remains  after  the  branch  has  finally  developed,  the  bate  of 
it  being  surrounded  by  an  irregular  margin  (fig.  xiv).  f^eaves 
arc  prwluced  laterally  on  the  apical  cone  of  thi;  young  branch ; 
these  appear  in  sucocseivc  docusssting  pairs,  the  fir^t  pair  being 
anterior  and  poslcrior.  The  ])rocess  of  est/'nsion  1  have  not  been 
able  to  trace,  but  there  is  no  doubt  that  it  begins  bdow  the 
lowest  pair  of  leaves,  since  (1)  no  traces  of  leaves  are  to  be 
found  at  (In^  base  of  the  mature  fertile  branch,  (2 )  the  lowest 
pair  of  leaves  of  the  mature  branch  arc  in  the  same  position 
rrlatively  to  the  plnnt  xa  ih«  fintt  pair  dcveloi)«d  op  the  younf 
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rvrtile  branob,  i.«.  mUrinr  utl  uoat«rior.  As  to  ilie  fanaa 
exteronl  cbaractere  of  the  fertile  oranchfM  I  need  oaiy  niau 
writingtof  Hooker,  Strasburger,  and  MacXub.  1  faaTe  noli^ 
to  add  to  thodeivled  acconni^vcn  by  Straaburgor  ('  Coi^ci^ 

5 p.  141,  kc.)  of  the  ^Inicton.'  of  the  fertile  hratichM.  Ai  h 
txetihf*,  the  bundir?  nin  ncnrty  parallrl  down  iliem.  At  t^ 
enter  the  main  utem  of  the  plant  they  nnastomo'c  n-Hli  nu 
Another,  and  passing  inwards,  are  almost  iramrdiatolr  loci  in  ife 
anaatomiMns  network  of  bundles  already  de«ahbcd  beDeathtk 
mtthat  of  the  tip.  With  these  bundle*  thcv  nppMr  to  fu 
(fig-  XV). 

We  thus  tee  thai  the  origin  of  tbe  male  braDches  ia  gjnfmmi, 
and  tuoe  they  first  appear  nn  the  lip  of  the  gtoove  at  urn 
dutance  abore  its  l>a»e  thev  are  adctniiUotu. 
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At  before  stated,  K  appear*  thai  anr  oell  of  tbe  aetJVB  , 
ehyma  maj  develop  into  n  sfMcnlar  ceU.     It  i>,  faoireTtir,  at  tf 
lower  part  of  tbe  leaf  that  the  Arat  at^^es  of  tbia  proeCH  si 
mo»l  f2.<ilr  followed,  sinee  then  tb«  ttsams  are  in   a  »tale  of 
rapid  diffeicntiation  from  a  toaM  of  tmifonH  ttaau«,  meb  ■■  thai 
(en  in  fig-  s.    In  the  metopfaTll,  which  La  still  aetit  riy  Aixvtaf, 
onttain  ccUe  oeue  to  divide,  inicnMe  in  Mae,  and  pat  oat  pnaM- 
tioM  iB  two  or  owre  dimtioos.    Tbeae  grow  i^panstly  ai  Umo 
apex,  and  podi  their  vij  between  tw  oUdt  tiiiaia    ■!  tb 
anglea  wlwre  the  hU*  neei  (ftg.  xvi).    "Dwae  oaOa  twataiB  ag^ 
Bitdeatodt  and  I  ha*t  mr««r  wwMTBd  a  iwwilir  cell  vftli  wmi 
tbia  one  sacka*.     In  niimlar  cdta  devcSoaiiif  ia  the  ataefc  m 
etttwn,  the  grviwrng  nda  neek  onl  and  Miow  tin  HiaM.^fl»L> 
^Mwea,  wtran  growth  »  Baioralhr  tamtA  (fig.  xrn).     JU  tli 

'  cdl  iauwwM  it  mtt  the  call  wall  ■««»«  difaaUa 
Mder  edhkae  wall  nil  aa  imer  l^ntfd  WL    Tim 
ciyrtak  of  eakinn  oulatx  ainMii,  M  a  'my  aacfr 
Una]  derela|imcnt,    a«  tnaT  be  m«b  n  Sga.  xm — kx.      TVn 
an  90  pWw  as  t-1  maaitB  «^  lae  afc  a  caalHN  vAh  |1k 

IfdMaae  wall,  wfade  the  oihgwJe»»»  rowriniiBawirii  ihr 
waU  (If.  xix).    I^al  Ihe 

1 «/ the  «eiUM  «dv  ef  «a 

/<>»LilHiiWieCtli  -w^ 

:  vfaack  ahm  at  iiAanlMv  q«M>  ^w.  tto'l 

J  TiiaiiBii  pawauM*.     Aa  tV  nil  Aewiia^  tta 
'  wan  incnMn  n  tWctw.  laB  (n  tiit  M(W_ . 
I  aai^  ii  aliMa  iMSlsaMI  Of .  xs).    'IVb  :: 
~-  ~  h  hiaiiiBirilii  1  nA 
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oTjguU ;  tbeae  an  repmentcd  in  6a.  iriu  as  dark  dots,  'fhej 
extewii  from  (he  outer  cclluIoK  wall  to  ihc  cell  canty,  and  sre 
BUed  with  plugs  of  protoulasm  (lig.  xi\),  wkicfa  arc  contiouous 
w  far  as  iJii-  ou(«r  ceUiuose  wall.  Tiie  protoptnsmic  contents 
ttMOBW  more  and  more  ndikoad  as  th«  dfiTelopiiMnt  of  the  ligni- 
A«d  vails  proceeds,  lilt  they  appear  to  be  finally  lost. 

The  mode  of  development  of  the  spicnUr  cells  may  be  com- 
pared trith  that  of  tile  intrnifil  hairs  in  the  intercellular  spaces 
of  the  Nymphwacew,  a»d  in  tbe  tissues  of  certain  Aioiden:  (cf. 
De  BsTY,  •  Vorgl.  Anat./  p.  430,  kc,  wliere  the  litoiatore  is 
dt«d).  The  spicular  cells  are  an  interesting  iDlenoediate  between 
tbeae  and  Mlenocbyma  fibres,  nhicb  they  resemble  in  many 
ntfteta. 

Tbe  sieve  tubes  of  Welwitaeliia  have  alrt-ady  b««n  described 
by  Stiasburger  ('  Coniferen,'  p.  380),  and  figured  by  D«rtraad 
(<'C«lliile«  ifriUagfcs,"  'Ann.  d.  Sd.  Mat.,'  s^rie  v,  vol.  xx). 
But  in  Umgitndiiial  sections  from  thi;  root  1  Iistc  obtained  dilfer- 
eot  resalts  trom  Ifae  latter  writer.  I  find  tlie  RJeve  tubes  to 
resemble  tliwe  of  tlie  otlier  OyrunorspcrnM  in  their  iieneral  cha- 
racters, Ititl  (lie  sieve  plntcji  HI*  colk-ct^l  almost  exclusively  on 
(heir  sloping  end.*  fflg.  \xi).  Oeca.'tionnlly  one  is  met  with  on 
tlve  lateral  walls.  Tbe  neve  plates  are  often  coloured  a  sbciry- 
broiTD  vilb  Schnltx  solution,  wliilo  the  rest  of  the  walls  is  bine. 
Tite  contents  arc  transparent  and  almost  fr«e  fVom  granules. 
Between  the  sieve  tubes  appear  cells  of  the  bast  pireDcliymii. 

JtetiUti. 

1.  The  cotyledons  wither  and  fall  otf,and  the  [nir  of  leaves  of 
the  mature  plant  arc  tho  first  pair  of  plumalar  leaves. 

it.  Tbo  Clown  is  derived  entirely  from  the  continued  growth 
of  two  Inbca  (axillary  buds),  which  np|>ear  in  tbe  axils  of  tfao 
cotyledons.    Tbe  apivut  cone  of  the  plant  romains  rudimentary. 

k.  The  parenchymatout  "ground  tit«ue"  throughout  the 
phut  remains,  for  a  long  ixriod  at  lea.it,  cii)Ktbk  of  active  growth 
nd  divi*ion  (halbmcriBtcmaliBch).  The  results  of  tbix  are  (a) 
iiureue  in  bulk  of  the  tissue  itself;  {I]  oroduction  of  fn^d 
spicdar  ocUs,  and  sclorcnchyma  fibres  by  tno  growtli  of  single 
cells  of  it;  ^e)  formation  of  fresh  vaiciuar  bundles  by  means 
of  repented  divisione  at  certain  ]>oints. 

N.B. — It  should  here  be  observed  that  the  active  tissue  has  s 
differcfit  origin  in  different  ]>arta  of  the  plant  j  in  the  root  it  is 
derived  from  the  "tissu  conjunctif"  of  Van  TieglKtm,  in  the 
stem  from  the  fundamental  tisgne  gcDcrally. 
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fl.  fWlker  oenlaf^ac   jmiiumi  n  •  ttnetuo  *l  n^ 

oris  Itt  tlui  fi^m,  if  ■—  of  1  bmUbw  bra-.     The  niitli 

ii  M  fignailiaa  «f  tmn  wamu  wi  aatamimr  rxtmUr  tu»iie  wjb- 

a(ed  UcaOjr  fron  one  natter  b;  Vn  hmd  modallwrj  nm 

nn>  br  Uh  ftnotme  cntiBpo»da  ts  that  dacsjbed  for  E^biJn 

(cf.  Tu  ne^cB,  I«  BMiae,  p.  Zl  J  J. 

7.  SmaUcT  nteakr  boadk*  acpaatr  Utenllj  fn>m  time 
BMaa  of  weoeJuj  naoabr  Iim^  aad  panme  ■  sinaoos  caunt 
iloag  the  medsHm  nva,  fmiq  from  bOM  to  time  (a)  UloaOr 
with  thk  tpttn  from  Wbie&  tfaef  w«n  denred,  uiii  (^>  vitfa  ll* 
later  det-doped  e^EUrm  of  pcnphcnl  bandies.  Tlicse  bmiQa 
may  be  compared  with  Uw  intcrcalan  biudleB  of  nuiy  diDO^ 
ledoDooi  ttemt  (Zwudwmtfiiife,  De  Bo;.  '  Vei^L  AjuU' 
p.  46S). 

8.  Fennhcnl  biuidles  appear    later ;    their    tenoioatioBt  I 
h*n  not  Men  able  to  Ince.     Tbey  are  formed  b;  the  apecui!; 
loodtaed  aetirily  of  dirinon  in  the  parencbmtious  ' 
tiaeue,"  and  are  arranged  in  more  or  leu  regular  dobs. 

9.  A]|  boodles  of  the  root  remain  for  a  coniidcnble 
op«n  byodlcf,  and  bjr  the  actintj'  of  their  caiDtiium  ma;  attain  * 
hirse  flize.     TiiJs  i*  apeatHy  the  cnw  in  Uie  centnl  K^oup. 

10.  In  the  amnsementi^  the  Ta>cular  bundles  of  the  olila 
plant  «l  llti:  point  of  transition  from  root  to  item,  tben  maj  far 
traced  n  vexj  cIom  relationship  to  tbe  arrangetiMtnt  nt  the  sanr 
|K>int  in  the  weedlJng.  The  difTrrcncn  arc  iluf  lu  (1)  increase  in 
atzc  and  number  of  vaicular  buiid!e»,  Uie  later  fumnl  bnivlb 
being,  however,  nuinly  srouped  around  the  original  bandk^ 
(S)  to  iiicrcaic  in  bulk  of  the  "gtouod  ttMoe,"  and  cooaequri 
iocrcaae  in  aliM>lutc  distance  of  the  original  bu&dlcH  one  fiou 
toother.  ~ 

11.  Ar  tbej  para  up  the  slock  the  buodlea  retain  Tut  n  1ii 
an  iirra«gi'-ui*nl  obviously  related  lo  tli*t  in  the  »-.  ■ 
Ihe  »|)eii  a  ajrjinNichLd  thia  i«  griuluall;  lost  »i^„-  ...    „, 
hnziikiug  up  lit  tlu^  groups  of  eccoiuiarjr  buiuUcs-  whwli  J 
ilowu  lurround  the  prima^  bundles. 
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18.  The 
to  lo  kevp  vf  te 

(a)  Bchnafa 
the  tttm. 

ib)  BciiiMfarf 

(<■)  BcMeeB 

No 
pUni 

13.  Jaammm 
cffecttsd  It  ie*  ^de  t 
of  heA  bMBfla  «  lir 
taktiaaof 
ai 
tin 

14. 

uid 

wilbtlie  flitwatflf 
the  le^gnMife. 
ewsm  MnaoTfadt 
pbenl  buAn  i/  Oi 
serial  dcrdomtf  t»  At  mi 
activity  sod  atKmtmer  rf  tfce 

l&.  Spualir 
{Ktrencbjnoa. 
iHtwcm  tbe 

cellaUr  tpaoci.  TWv  «ifi* 
ccilaloM  UjerKsd  in  baa  btcrdenbped  figaiSei  hjtr.  The 
cr^fUls  of  calctUB  onlite  fie  UBt«i^  tke  tvtt.  ue  UgflfteJ 
wall  is  piU«d.    The  edb  leatna  mtamekat, 

id.  The  ficre  tahts  kan  tbv  nm  plala  anBected  en  their 
slopingends;  lun  tndtiienBPiFre[iiatc  isfoaiidoBtbeirauIes. 

PotUmpt, — Since  the  ibore  papcT  ww  written  lhc»  Im» 
appeared  in  'The  GaidvDrr'*  Chnttiek/  Angnxt  ISth,  IS^l,  mi 
Bcconnt  by  M.  N*a<Un  of  Uah  oboerralioos  on  joutu;  p)«ii(«  of 
fFetinUeiia  mirahilu,  wiiidi  seem  to  sbow  that  too  trpo  of 
(levelopmcnt,  whieb  a  coiutaHt  in  the  sprciiDciu  whidi  1  htiv« 
bad  the  o]>portunit]r  of  obeerring,  U  not  the  only  oor  for  (his 
remarkable  pl&at.  In  all  my  apecinens  th«  series  of  mctnlicrs, 
as  above  ilctcribed,  Ut  b«n— (!)  two  cotgMmu  prweut  in  lh« 
oialiiie  embryo,  (2)  two  ptumular  Uav*»  drcuMating  with  thm>, 
Biiil  <^pal)li^  ap|>aTfnlt_v  of  in^linitc  gmvtii,  (S)  two  Mniolurra 
which  appear  bctwi-cn  thn«,  and  >liich,  Utt  n-aaona  givui  aborr, 
1  regard  as  hndt  in  tie  axiU  of  ti«  eotytedont,  {4)  h/m'.ii/  wn*  of 
the  whole  plant,  which  Joes  not  develop  further.  1  gnllli 
from  M.  NantUn'a  deMription  that  there  may  he  aiiuther  tji 
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diOerent  t^pi;  of  dcvelopfneat,  wluch,  moreover,  bo  seeas  to  find 
constant.  Iii  this  caw  the  following  voccMnoD  of  tranobcri  u 
band  bf  hiiD~-(l}  tno  cotgUdmu,  {i)  two  tmaUpiumuUtr  UaK4 
dccasntmg  with  tlie  aboTe,  (3)  a  ttem  *bout  tvo  liti«i  long, 
besriug  {a)  ui  almost  imgierceptible  bracUoU,  (i>)  k  tnu  Uaf, 
(c)  iKofuflkvT  Uttve*, "  alternate  but  v^rj  clo»c  togettier,  so  that 
uter  appear  opposite,  and  vhicli  eeeu  to  teimiaate  the  ligellum." 

'  do  not  doubt  that  this  desciiptiou  poiats  to  a  farther  deve> 
lopmcot  of  tli«  plumulv  than  anv  whwh  haa  oocurred  in  th« 
plants  at  Ktw.  lo  thuc  the  axU  rvuioined  in  all  caaoa  vutj 
Aoit.  and  certuo)}'  did  aot  attaia  a  lengtli  at  all  approacluiig 
two  li&«,  frhioli  i»  the  length  stated  ^  U.  Naudto  for  hii 
plant. 

I  oonclnde,  then,  that  the  obfeimtiatu  of  U.  Xaudin  do  not 
affect  the  above  interpretation  of  mv  obscnaliona  dd  the  plants 
'  at  Kcv,  bot  ralhirr  poiDt  to  the  ounclusion  that  the  tvpe  of 
development  which  I  have  described  is  not  uuivcrial. 

Further,  1  think  it  is  unlikely  that  the  K«v  plant*  will  enter  on 
the  further  stage  of  plumoiar  development  a*  detoribed  bj 
U-  Naudin.  The  oldest  seedluigs  now  Cving  at  Kew  weie  aoim 
in  August,  IS^O  {i.e.  five  or  six  mouths  before  tboae  of  U. 
Nautlin].  These,  when  Wl  I  saw  Iht-m  (July,  ISSl),  ahowed 
no  outward  signs  of  any  dei-iatioo  from  the  type  which  I  have 
described  aa  normal.  Their  two  pluoiuUr  leaves  were  of  healthy 
appearance,  oud  had  attained  a  hm  ahnwt  equal  to  that  of  the 
cotyledon;.  This  condilioii  may  be  cootraitei)  with  that  da* 
icribed  by  M.  Naudin.  lie  expreealy  mentiona  that  tha  pair 
of  learea  ancoecding  the  cotvledons  arc  "  v$rji  amali,"  and  tptsJu 
of  their  "  growth  being  apparently  arrested."  May  we  not  ban  t« 
deal  with  two  alternative  types  of  development — (1)  one  in  wtdch 
the  first  pair  of  plumular  leave*  are  Urge,  while  further  derelop* 
mcnt  of  the  main  axis  i.t  arrested ;  {&)  one  where  the  Gist  pair  of 
plumuliiT  leaves  are  small,  while  the  main  axil  grows  in  Unglh 
and  forms  further  appendicular  mnubers  ? 

Lastly,  M.  Kaiulin  suggeeta  the  poesibilily  of  the  two  members, 
which  have  bean  hitherto  regarded  aa  leaves,  being  really  flattened 
branches.  lu  connection  with  this  1  can  ooly  say  that  if  (aa  the 
apccimens  I  lutvc  examined  i'^ud  me  to  believe  ia  the  e«»)  the 
two  leaf-like  tncinbt^rs  of  the  mature  ]ilaut  arc  Hormaiijf  derived 
from  the  tlrst  pair  of  plumular  structnieai  ••  deacribed  in  av 
first  paper,  there  can  be  little  doubt  of  thear  foliar  aatarc.  Ibn 
oulr  alternative  nould  he  tlie  a»umutioa  that  they  are  exba- 
axillary,  i.t.  adveulitious  lavs,  developed  nearer  to  the  apex 
tlian  the  youugnt  leaves,  a  siipiKXfition  which  is  warranted 
neither  by  their  structure,  appearance,  or  origin. 
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Oh  th«  Strccturr  and  SioNiricAKCB  of  acme  aberrant 

FORUS    0/  L.\MKI.lJBRAtlCIUATE    OtLLS.       By  K,    MlTBU- 

KVBl,  Ph.  B,,  of  Tokio,  Jnpmi,  lute  Fellow  nf  tho  Johns 
Hopkini  Unireisit;,  Bnltimore.    (With  FUlc  XXXIV.) 

Tub  foUowiag  oootributioa  to  the  morphology  of  the 
MollutdiH  bruionin!  i'h  psrt  of  mi  invc-stijjalion  on  which 
I  h&TC  for  aooie  limu  pntt  Iweti  (;iigut;f  <l,  under  the  dirfclion 
of  Dr.  W.  K.  Brookii,  in  Fnifes»or  Mnrttu'tt  laborHtorj;  at 
the  Johns  Hopkins  Uuivi^rsit}'.  The  gilU,  of  which  the 
deecription  is  here  Ki^en,  are  those  of  A'uciUa  proxima  and 
Yoldia  Umatuia.  Tliey  are  vxtrvmoly  iiilereattng  because 
of  their  oitnplv  structure,  and  this  account  of  their  minutv 
structure  is  pnhlished  ivitfa  the  hope  that  it  niajr  throw 
some  additional  light  on  the  nature  of  LametltbraQchial« 
gilla.  I  wish  to  pxpresa  here  my  sincere  thanks  to  Dr. 
Brooks  for  hit  oonslant  advice  and  assistance.  I  am  also 
deeply  indebted  for  specimens  used  in  tho  invcst>tj>itioti  to 
Professors  A.  B.  Vcrrill  and  g.  J.  Smith,  of  Yale  College, 
and  to  Mr.  Richard  Kalhbone,  of  the  United  ^States  Fish 
C'omimssioo. 

NuciUa  proxima.  Sat. 

This  Latnellibranch  shows  many  departures  from  the 
elmctnze  which  is  generally  regarded  as  characteristic  of 
th«  class.  Fig.  1  gives  n  fair  idea  of  what  is  seen  when  the 
left  valirv  of  the  shell  has  been  taken  away,  and  tlie  mantle 
of  th«  same  side  removal  along  the  lower  border  of  the 
visceral  mass  near  the  line  xy.  a.  a.  is  the  anterior  abduc- 
tor muscle  nnade  up  of  several  fasciculi ;  p.  a.  is  the  posterior 
a)>ductoT.  It  will  b>!  noticed  ihat  Nitcuia  possesses  one  of 
the  few  sfaelis  in  which  the  umbo  is  tunicil  toward  the 
poeterior  end.  In  the  specimou  figtirtnl,  the  visoeral  nuas 
(c.  in.)  shows  convolutions  on  the  surface,  wbich,  under  the 
miciovoope,  proved  to  be  the  male  reproductive  organ,  pro- 
bably enormously  developed  for  (he  breeding  soasou,  and 
this  character  enables  one  to  distinguish  the  sex  of  a  speci- 
men ivithoot  dilficuhy.  All  t)te  males  have  these  convolu- 
tions, and,  when  preserved  in  alcohol,  are  of  a  greyish  colour. 
The  fcnulrs  show  hardlj  anyconvolulions,and  are  much  moie 
darkly  coloured.  Tbc  foot  (_/*)  is  (btdnl  longitudinally  at 
its  end,  and  can  accordingly  be  spread  out  into  a  Sat  circu- 
lar disc.  The  labial  palpi  (/)  an!  unusually  developed,  aud 
might  at  fint  sight  be  taken  for  gills.     I'be  inside  of  the 
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er  shows  its  doparturo 
structure  in  bkviii^  a 
B  siiihon.' 

iU  Irom  tliat  of  Nucula, 

the  latter.     It  is  8us> 

Fig.  9  shows  it  die- 

.s]>eiision  ia  zcp;  xdp 

sponds  tt>  X  lip  in  fif;. 

p  of  a  seriea  of  paired 

attsched  to  ihe  central 

,he  whuir  length  of  the 

rojcct  dowuniird,  as  we 

t  here  turn  iipwanl  (see 

the  middle,  and  gradually 

ities.     At  the  ^ont  end 

ting  arrangement.     Fig. 

atioitfl  of  the  variotis  pnits 

gill.     It  will  be  fieeii  that 

conn-  smaller  and  finally 

«  gill  IN  continued  simply  as 

,  fig.  10),  which  goes  into 

and  10).    A  cross-aeotion  of 

portion,  at  leAst,  there  is  a 

ous  with  one  of  the  channels 

le  s]>eciraens  this  membmnu* 

longer  tlutn  in  others,  and 

TiBceral  mass. 

•ute  of  preservation  of  (he 
ot  been  able  to  make  out  the 
as  fully  as  I  should  like,  but  the 
ievo  to  he   correct  in    esaeutial 
c%.  11  opposed  pair  of  plates,  and  cor< 
^■r^ctUa  braucnia.    The  suspending 
of  fibres  crossing  each  other  in 
covered  on  its  two  surfaces  by 
sdid  item  (t  dj)  of  the  gill  has 
2>er  (n)  and  a  lower  (o).     The 
miicatioo  with  a  comparatively 
—s     of  the  suspending  meinbmne. 
I  ^:>CMl-ehannel  {o)  ihvre  is  a  hundlu 
Vm  fibrous,  running  the  length 
^^  tion  at/,  fig.  U).     It  serves  no 
of  the  tower  blood-channel  (r) 
<L«,ndle  of  longitudinal  fihr<rs  [t). 


i.  AdT,  S«..'  IS71  (end  of  naUs). 
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quite  pointed.     The  reiaatila^sF  of 
never,  on)T  vptt  mperfictal,  ^  the 
\ss,  but  is  made  up  of  ■  wlimm  if 
ipe,  placed  one  after  mothtr  fron  the 
ior  end.     A  little  dissection  maiex  & 
t  part  above  the  liae  zdf  (£e-  4) 
ipensioD  (xep),  if  coDtunoa 
>  gill,  and  that,  with  this  pan 
en  off,  one  after  another,  in 
.  S).     The  plates  constitnte  tke 

organ.      They  are 
lize  tovrard  the  two  ex' 
i  is  erident  from  this  descnptwa 
f  quite  an  exceptional  ■*!■>«.     It 
DellibraDchs,  extpiul  ahmg  tke 
he  body,  conslitoting  tlK  mmm 
Itle   cavity,   but   is   co^tparali 
bed  back  and  freely  mipgnfcJ  m  ife 
tiot,  therefore,  divide  the  Istln  iala  I 

infra  branchial  chamben,  aard  M.  wt 
t  of  any  Gtructaie  like  tb«  cifiated 
nary  gill,  for  driiing  water  frna  ifae 
Etnnot,  also,  as  has  been  laid,  wnc  ^ 
:uring  organ.     The  gill  in  Jfmmb^m 
if  vastly  less  funetioul  iapoitaaee  ta 
k  common  Lamellibrasdis,  ai^  sa  fa 
serves  only  as  the  organ  of 
ever,  that  the  divisioQ  of  the 
ST  and  lower  chambers  ii  be^on  is  the 
as  been  seen  that  Tentral  to  tbe 
gill  (m,  figs.  1  and  3)  there  is  a  Iii^ii 
'   the  general  branchial  cavity,  aad 
iice  dorsal  to  this  membrane.     Tbcae 
rudiments  of  the  (upta-  ajid 
f^over,    the    arrangement  of    ibe 
-rior  end,  as  se«Q  in  fig.  3,  recalls  that  of  d 
larts  in  many  of  those  gener*  in  wlueh  iJhe 

ided  into  two  parts.     It  is  not  iTJ Brill  M 
.nme  division  might  be  bnmgfat  abaaC  i 

/a,  by  proper  development  «  tbc  ^H  « 

.  5  shows  a  pair  ot  oppo«ed  plalies 

The  solid  part  (»  dj)  which  I  ha*e 
lich  IB  coDdnaons  tbroogboitt  the 
^tber  with  the  EaspendlDg 
'«  section  in  ibe  middle,  and  frovi  lUa 
XXI. — sew  sta. 
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outer  and  the  outside  of  the  innet  jialpus  an-  raised  iLM 
numerous  parallel  ridges,  which,  as  sbowii  in  tliu  &ptn, 
CRti  be  neen  from  the  outside,  nnd  do  not  exteud  ii>  lb 
lonrvr  innrgiti.  Al  their  povterior  end  there  arc  two  remui- 
able  structures.  One  of  them  it  a  hood-like  EtruL-toiT 
(Li.,  fig!.  1  and  Sj,  which  is  the  posterior  proloDg^tiun  «f 
the  united  upper  ed^fes  of  the  inner  and  outer  palpi.  Tb 
other  (/■  a.,  figs.  1  and  S),  lying  immediately  below  the  fira, 
is  a  long  tentacular  ap]>cndage.  It  is  a  hollow  tube,  opca, 
however,  along  a  line  on  its  posterior  aspect,  ami  haviaj;  ia 
cavity  continuous  with  the  space  betveea  the  two  paltn. 
As  it  hoa  beeu  cevn  protruded,  with  the  foot  outside  of  tot 
shell  (Wooiiward's  'Manual  of  Molhwca,"  p.  4S6),  aal 
nnce,  in  alcoholic  specimens,  a  great  deal  of  dirt  and  sand 
i»  found  along  its  lencth  and  between  the  p.'ilpi  from  itt 
base  to  the  mouth,  it  is  no  doubt  a  food-procunug  orj^an. 
probably  .tending  a  conatwit  stream  uf  nutritive  lualtt^i  to 
the  mouth  by  means  of  its  cilia.  It  is  iutcrt-itiiii^  m  nutin 
in  Connection  with  this  appendage  that  in  Nucala,  the  gitbt, 
unlike  those  of  ordinary  Lamellibrancbs,  must  be  prnriicaUv 
uielcM  for  obtaining  food,  &s  will  be  evident  frotu  the  Ui- 
lowing  descripion  of  them. 

The  gill  {g.,  figs.  1  and  8)  i«  comparatively  small.  It  m 
situated  quite  posteriorly,  and  is  suspended  by  a  niembnas 
(m.,  figs.  1  and  3),  which  is  ntlacbed  to  the  body  nlong  ilw 
broken  line  xyztc.  It  is  united  to  the  Tiscctxl  mass  (D.n.) 
from  X  to  y,  and  to  the  upper  part  of  the  foot  {J',  Sg.  3)  ftxm 
jr  to  7  (see  figs.  I  and  S).  At  the  last  point,  hating  com« 
to  the  median  line  of  the  body,  it  joins  with  its  fellow  of  the 
opposite  side,  and  they  continue  in  this  way  as  far  as  w] 
Ilere  they  separate  ngain,  each  proceeding  to  the  po4tcriot 
tip  (/>)  of  the  gill  of  its  own  tide.  It  should  be  rinnaiked 
that,  as  the  point  4*  is  furihcr  from  the  median  lini:  of  the 
body  than  the  point  y  (fig.  3),  there  is  a  con^iilerulilv  free 
apace  beneath  the  suspeuding  membrane  of  the  gill. 

When  we  turn  to  the  Bill  itself,  wc  find  an  alto'^thtr 
unusual  structure.  Fig.  4  shows  it  dissected  out  nnd  lUten 
from  below  and  slightly  from  one  side.  In  general  uppear- 
ance  it  resembles  a  boat  which  ia  suspended  by  its  xe«L 
xcp,  fig.  i  (seen  in  citMS  secuoii  at  ij,  fig.  &),  is  th«  line 
of  altflchmcot  nnd  corresponds  to  the  keel;  ztlfj,  Gif.  ( 
(seen  in  croM-**-ctiou  at  J,  fig.  0),  repreHinlK  the  Ui 
line  of  the  holhiw  uf  thu  lioal.  The  latter  is  hiiunde 
the  two  surfaces  zap  it  and  xhpd  (fig.  -1 ;  Mttii  in 
section  at  ((/and  a  a,  tig.  5).  The  anterior  and  i 
is  rather  blunt,  while  the  posterior  end  {^p,  Bgs.  1, 
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is  quite  pointed.  Tbe  resemblance  of  the  gill  to  a  boat  is, 
however,  only  »ery  sup^iticial,  as  the  gill  is  not  one  solid 
mHss,  bnt  is  mailc  tip  of  h  series  of  piiiTpa  pliitcs  uf  »  pcctiliiir 
shape,  placed  one  after  another  from  ihi*  iinterior  to  ilic  pos- 
terior end.  A  littli^  disAeclion  under  a  len^  will  show  that 
the  part  above  the  line  xdv  (fig.  4)  and  below  the  line  of 
suspension  (xcp),  is  continuous  along  the  entire  length  of 
the  gill,  and  that,  with  this  part  for  the  stem,  the  plates  arc 
f^ivtrti  off,  one  after  another,  in  pairs  to  the  two  iiideit  (see 
fig.  5).  The  plateti  conslitute  ihe  proper  respiratory  parts  of 
the  organ.  They  are  largest  in  the  middle,  and  diminish 
in  sixe  toward  the  two  extremities. 

It  is  evident  from  this  description  that  the  gill  in  Nucula 
is  of  quite  an  execpiional  nature.     It  does  not,  as  in  most 
Lamellibranchs,  exi<-nd  along  tlie  whole  length  of  the  side 
of  the  body,  oonatitnting  the  most  conspicuous  object  of  the 
mantle  cavity,   hut   is   comparatively    insignificant,  being 
pushed  back  and  freely  suspended  in  the  mantle  cavity.     It 
cannot,  ihi-tefore,  divide  the  Intler  into  the  auprnhraiicliial 
and  iufrahraiii-hial  ehamherx,  and  is,  of  course,  utterly  de- 
void of  any  structure  like  the  ciliated  water-passages  in  the 
ordinary  gill,  for  driving  water  from  the  lower  to  the  upper. 
It  cannot,  also,  as  has  been  said,  serve  as  an  effective  food- 
provuring  organ.     The  gilt  in  NMuIa  must  for  thesf.'  reasons  j 
be  of  vastly  less  functional  importance  to  the  animal  than  it  I 
is  in  common  LamellibranchK,  and,  so  far  as  I  am  able  to  1 
see,  serves  only  ait  tlie  organ  of  respiriition.     It  seems  to  me,  1 
however,  that  the  ilivision  of  the  mantle  cavity  into  the 
upper  and  lower  chambers  is  begun  in  the  posterior  part. 
It  has  been  seen  that  ventral  to  the  membrane  suspending 
the  gill  (fit,  llgs.  1  and  S)  there  is  a  large  xpacc  continuons 
with  the  general  branchial  cavity,  and  there  certainly  is 
a  space  dorsal  to  this  membrane.     These  spaces  seem  to  be 
tlic  rudiments  of  the  eupra-  and   iiifrabranchial  chambers. 
MvreoTor,   the  arrangement  of   the  different  parts  at  the 
posterior  end,  as  seen  in  fig.  S,  recalls  that  of  the  correspond- 
ing |tarts  in  many  of  those  genera  in  which  the  mantle  cavity 
is  divided  into  two  parts.     It  is  not  difficuU  to  conceive  how 
the  same  division  might  )>e  brought  about  in  the  case  of 
Nucula,  by  proper  development  of  the  gill  and  the  mem- 
brane. 

Figi  S  shows  a  pair  of  opposed  plates  considerably  on-  J 
larged.     The  solid  part  (i  dj)  which  1  hare  called  the  sUm,  " 
and  which  it  continuous  throughout  the  whole  length  of  the 
gill,  together  with  the  suspending  membrane  {k  ij'l)  is  seen 
in  cross  section  in  the  middle,  and  from  this  middle  portion 
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the  paired  pistes  («.  e.)  arc  s«cn  to  proceed.      The  mh^tni 
pari  «t  tlio  Imtlom  n^pmnjiits  the  com|iU>x  chitinoiu  (mi*, 
work.      Tlir   membrane   (I-  t  j  I)   is  made    tip    i-f  ti'd' 
tiMUc,  the  bundles  of  which  this  is  composoil  rroAHiu^  ■■i- 
other  ii)    many  directioos.     It«   frc«   siirfncea    are  cormi 
with  colutnuai  vpithcliiim.     The  slrm  consists  moatly.nf  i 
Bolid  tattt*  of  luge  irr«gular  veWti  with  rnlher  lai^  nudn 
Them  ure,  I  am  almoat  certain,  tico  blood-crhaDacIs  exn- 
v«lrd  through  it;  a  lower  lari^eT  (n),  and  aa  uppvr  fmalkt 
(o),     The  latter  seisms  to  bu  tn  connection  with  a  ff. 
(o.)  found  oftun  in  »i-clionK  of  the  RuHpi^nding  nit-ini  > 
Tlic  Urgt',  ohnnucl  (H)fii!iida  a  branch  (r)  into  each  plui. 
Tlio  fil>Tcni8  tiMue  found  in  the  upper  membrane   flips  mms 
into  this  part  at  rcj^ular  intervnU,  Tiz.  between  wcry  brand 
(r)  of  the  tower  blood  channel  (n).     How  theae  tibiM  en^ 
below,  whi-i)  tltcf  reach  llic  chitinoii;'  framework,    (  b*w 
not  beo&  able  to  make  out.     A  few  fibrcA  <  it)  nre  sent  daws 
iulo  tho  plate   a  little  above   the  blood-channel  (r),  ioi 
Kradually  approach   and  fioall)'  touch    (be    latter   niiai  i\t 
lonvi  end.     A  few  more  fibre*  (0  afo  k'c»  along  tbe  uma 
■dgo  of  the  plate.     EsacUv  what  this  fibroua  tisaue  iB  I  un 
utinblu  to  make  out,  but  it  Mems  to  be  some  sort  of  touch 
eonnvctive  linur,  with  perhaps  mtiMuUr  fibres  more  or  \em 
intermixed.     That  it  i>  very  tough  and  servos  as   »  rapport 
to  the  whole  structure  is  seen  by  the  fact  that   the  fiont 
oftaD  etiek  out  beyond  the  broken  ^ge  of  the  soft  lia*titt. 
Tito  trough  of  the  chiiinous   framework  is   aecn    at  t,  in 
croas>section.     It  oxteniU  aloug  the  nhnln  length  of  tbe  jfiH 
and  sends  out  two  branches  iuio  each  plate.      I   have  b^ 
taioed   the  appearances,  in  some  sections,  of  a    hundlo  c( 
fibrous  tissue  tODnin};  in  it  and  fiUinii;  it     Tbe  frantpwori 
will  be  described  more  fully  further  or.     The  platen  (r),  the 
proper  rt'Spirnlory  organs,  ar«  CQni[<  -pvAkini*  ven 

broad  and  quite  tliiu,  and  hang  do»  -:>••  ■olid  pari  i?f 

the  gill.     The   epithtUum  of  the  plates  which   is 
Muled  in  the  figure  as  endiug  abruptly  at  th-   ■■' —      u  «iw 
J  tl,  turns  at  a  right  angle  at  these  tines  to 
and  !»  »oon  icftt^leil  nutwatds  agut<        ' 
of  the  next  pl-^'i-  in  t'T   t^*^.     1' 
inspection  ■'  may  I- 
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s«en  in  opticiti  section.  The  fiutfnce  of  the  irrcgiilsrly  recU 
nogular  ctills  placeil  just  inside  ibese  columnar  cells  in  Gg. 
5,  ought  therefore  to  be  continuous  with  ihu  outor  udjo  of 
the  columiiur  cell»,  but  in  qtiU-t  to  avoid  confusion  i«  not  to 
represenled  in  the  figure.  This  i«  also  the  case  with  the 
cuuiciil  c<.-l)s  Along  ibc  upper  edge.  The  chitinou»  support 
(A,  fig*.  5  »nd  6)  of  the  plate  runs  near  tht  lower  edge  (fig. 
5)  to  its  lip  (a  or  b,  fig.  5),  and  is  made  up  of  two  entirely 
separate  paru  (seen  in  crosa-suclioii  in  fig.  6)  applied  closely 
together.  Owing  to  the  xbapc  of  these  parte  there  ia,  liow- 
rvcr,  a  narrow  oval  »pacc  between  tbem.  This  space,  as 
will  be  !thownfurth(!T  on,iscoul)nuauB  with  Uie  space  in  the 
trough  (»,  fig.  5)  of  the  stem,  Tlic  cells  along  the  lower 
edge  of  (he  plate  are  eolumnar,  anil  «urroiirid  tht-  chitinous 
support  in  a  characteristic  manner  shown  in  fig.  6.  Their 
surface  outline  are  irregularly  rect.tn^ulnr,  contrasting 
with  the  irregularly  polygonal  cells  covenng  tlic  rest  of  the 
plate.  The  branch  [y,  figs.  3  and  6)  of  the  lower  bloo<l- 
chanael  (»)  in  the  itxvi,  is  seen  to  be  circular  in  cross-SL-clion 
and  to  bulge  out  the  -iurfnce  of  the  plate.  These  points  are 
not,  however,  constant,  n*  the  v«Mcl  i.t  .lometimes  constricted 
into  more  ot  le-ts  licparatc  channels,  while  the  amount  of 
bulging  iseeins  to  ilepr-nd  on  the  quantity  of  bloc*!  present. 
The  remaining  part  of  (he  plate  (e,  figs,  d  and  G)  i«  flat  and 
quite  thin,  enclosing  a  broad  hlood-cuanncl  between  iis  two 
epithelial  surfaces.  It  t»  here  no  doubt  (hat  the  aeration  of 
blood  is  iiccoDip)i»hed.  The  cells  of  this  part  are  cubical,  as 
seen  in  fig.  6.  Some  of  tbem  send  processes  inward  to  join 
others  fr-jin  the  opposite  side.  This  gives  a  labyrinthine 
appearance  to  this  part  of  the  plate.  Thu  course  of  the 
blood  is  evidently  from  one  bloud-ehannel  in  the  stem  to  the 
other,  through  the  space  in  the  plate.  For  instance,  the 
blood  may  »Urt  from  the  upper  channel  (o)  iu  the  stem,  go 
to  the  broad  flat  j>ari  (ir,  Bg.  5)  of  the  plate  where  it  gets 
anraltid,  then  enter  the  bmuch  (r;,  along  its  upiitr  i^lge,  and 
run  up  this  to  reach  the  lo«  er  blood -channel  (r  e)  iu  the  stem. 
This  IB,  however,  a  puridy  hv|totbetical  course.  I  have  bad 
on  means  of  determining  wliether  the  blood  goes  ftom  the 
upper  to  lite  lower  channel  or  ctce  ccrsif. 

The  framework  which  supporis  tht*  gill  can  be  separated 
out  by  heating  it  in  dilute  <:aiisti<-.  jtolash,  as  it  is  insoluble 
ill  weak  acids  and  alkalies.  It  is  stained  by  cnrmine  and 
olliitr  colouring  reagents.  Whether  it  is  really  formed  of 
chiiin  I  do  not  know,  but  as  previous  writers  have  dewirihed 
Ihe  suliaUwco  as  of  that  nature  it  will  be  convenient  to  use 
thti  term  "  chuinoue  support"  for  the  present.     The  frame- 
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work  consists  of  i  trough  (seen  in  crflss-scetion  at  «,  G|.l 
longitudinallT  from  below  in  fig.  8;  diagratnniicallf  rrpn^ 
S«nlC4l  in  fig,  7),  which  run*  «Iong  ihe  wholr  lenfttli  of  tb 
Kill,  and  from  which  a  pair  of  cIosclT-nitplicd  nanlU 
hranches  {Jl,  figs.  5,  6,  7,  and  8)  is  given  off  intu  eacDphte 
Th?  tTOUch  is  divided  into  two  unequal  porta :  an  nneo 
larger  and  u  lower  smalUT,  by  a  cross  piece  (tf.  p.,  fip.! 
and  7),  which  stretches  from  one  f'lAe  of  it  to  the  other.L 
little  below  the  middle.  This  cross  piece  is  not,  howrvrr, 
continuous,  but  is  pierced  through  by  oral  opeutiiga  (o  r,  fici 
7  nnd  8)  whenever  branches  are  gireii  off  laterally  to  tk 
plates.  The  space  enclosed  between  each  pair  uf  clooch- 
applied  branches  (see  A,  fig*.  6,  7,  and  8)  is  conuM:icd  wiii 
the  lower  compartment  of  the  trough  by  moans  of  somenbl 
circular  openings  (op,  and  o'f/,  figs.  7  and  8)  found  nw 
the  bottom.  In  fig.  8  the  letters  a,  a,  a,  arc  placed  opponti 
each  pnir  of  the  branches  that  go  into  a  plate.  It  willbt 
seen  how  out-  half  of  Ihechiiinons  support  of  one  plate,  afm 
forming  an  arch  at  the  trough,  turns  round  to  enter  ll 
next  plate  in  succession,  and  to  constitute  there  one  balfj 
the  support  of  that  plate.  The  framework  treated  with  n 
ish,  and  sometimes  without  any  treatment,  shows  tnari 
longitudinal  etriation  (fig.  8),  and  some  of  its    tibr>r:<  Etic 

ing  out  at  the  broken  cage  beyond  the  others   rpsemble 

appearance  the  fibres  found  in  the  suspending   mcmbnnr 
at  t  and  u,  fig.  S,  and  give  n^a»ons  for  thinking    Uiat 
'whole  chitinous  framework  is  nothing  hut  the  tibrous  tiu 
found  in  other  parts  cemented  closely  together  and   furul 
one  cohering  mass. 

Although,  owing  to  the  state  of  the  specimeua,   I  have 
obtained  only  hero  and   there  evidences  of  cilia,  it   seen 
rxcasonable  to  supiKiee  that  the  whole  gill  is  covered  will 
[cilia.     On  two  rows  of  cells  {I.  f.,  fig.  6 ;  </,  a.,  fig.  gj  qj,  ^ 
Uower  edge  of  the  plate  I  believe  there  are  larger   cilia  thi 
on  the  rest,  as  1  have  now  and  then  seen  their  remains   aa 
as,  without  any  question,  cells  in  the  convspondtn); 
tions  in  Yoldia  have  long  and  conspicuous  cilia. 

Yetdia  limatula,  Say. 

Yoldia  resembles  Nttcuh  in  several  structural  pecui 
tics — in  its  welUdeveluped  labial  pa)|>i,  with  their  peL-t 
food-procuring  appendage,  in  iti*  feathcr-hke  gills,  in  tfai;  pii^ 
terioT  position  and  comparatively  smull  size  of  the  BiIU,  atii| 
the  consequent  absvuo'  of  the  division  of  the  mantlo  mvVtt 
into  tlie  supra  anil  infrabraitehial  cbnmben.     It  differ 
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Kucula  m  having  »  aiphon,  and  furilier  «hnws  its  <le[>artuTe 
from  tbe  ordinary  lamellibrancbiate  structure  in  having  a 
liiglily  specialiseil  tactile  organ  in  tht.>  sitilion.' 

Tbe  )^U,  nhhougli  liifft-rent  in  details  from  that  of  Nitcula, 
is  esseniiiiUy  of  tlic  sauo  itructurv  ni  thf  latt«r.  It  i*  >ui- 
pended  by  a  membrane,  as  in  Kaciiia.  Fig.  9  vliows  it  dis- 
sected oaC  by  itself.  The  line  of  suspension  is  xcp;  xdp 
is  thv  TGatrxl  median  lin^,  and  corresponiU  to  z  dp  in  fig. 
4.  As  ill  Nttcula,  tho  gill  is  mndc  up  of  n  scries  of  paired 
plates,  placed  one  aftvr  auothvr,  nnd  attached  to  the  central 
solid  stfm  oontinuouj*  throughout  thn  nhuli;  It-nglh  of  the 
gill.  The  plates  do  not,  however,  project  downward,  as  vre 
hare  «ceQ  in  the  case  of  Nucuia,  but  here  turn  upward  (see 
fig.  11).  The  plates  are  largest  in  the  middle,  and  gradually 
become  smaller  toward  the  extremities.  At  the  front  end 
(r,  fig.  9)  there  is  a  rather  interesting  arrangement.  Fig. 
10  shows  diagrainmiiticall)'  the  relations  of  the  various  parts 
at  iho  Rnt«[ioi  termination  of  the  gill.  It  will  be  seen  thai 
the  pluieti  of  the  gill  gradually  become  smaller  and  finally 
die  out  toward  tbe  from,  nnd  the  gill  is  continued  simplT  as 
a  flat  membranous  Ktructuie  [x,  fig.  10),  which  goes  mto 
the  visceral  mass  (p,  m,,  figs. !)  and  10).  A  cross-section  of 
this  put  shows  that  at  its  lower  portion,  at  least,  there  is  a 
blooa-cbanne),  probably  continuous  with  one  of  the  cbaonels 
in  the  stem  of  the  gill.  In  some  Hpi-ctmcns  this  membrane- 
tike  portion  of  the  branchia  is  longer  than  in  others,  and 
goes  some  distance  around  the  visceral  mass. 

Owing  to  the  rather  poor  state  of  preservation  of  (he 
alcoholic  specimens,  I  have  not  been  able  to  make  out  the 
histology  of  the  Yotdia  gill  as  fully  a»  I  «houlil  like,  but  the 
following  description  I  believe  to  be  correct  in  essential 
points  :— Fig.  11  represent  au  opposed  pair  of  nlntes,  and  cor> 
responds  to  fig.  5  of  the  Nucuia  brancnta.  The  suspending 
membrane  (k  tjl)  consists  of  fibres  crossing  each  other  in 
several  directions,  and  is  covered  on  iu  two  stirfaces  by 
columnar  epithelium.  The  soJid  atem  {idj)  of  the  gill  has 
two  blood><:hniinels,  an  upper  (n)  and  a  lower  (i>).  The 
latter  seems  to  b«  in  communication  with  n  comparatively 
Iree  space  (})  in  the  middle  of  tbe  suspending  mumbrauc. 
Directly  below  the  upper  blood-chitnnel  (o)  there  is  a  bundle 
of  tissue,  which  appears  to  be  fibrous,  running  the  length 
of  the  gill  (seen  in  cross-scctiuu  at/,  fig.  11).  It  serves  no 
doubt  for  support.  The  floor  of  the  lower  blood-channel  (r) 
is  covered  by  a  V*!*^^I>*!^  bundle  of  longitudinal  fibres  (s). 


*  W.K.  Breoks.'l'roc.  Ancr,  Ass,  AilT,  8cL.'  l&7t  (od  ofiiotc). 
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This  would  Mcn  te  be  faoBotogoufl  wiUi   the  trough 
'  '  KNM  ttnemr*  in  ymcm/a,  but  weno*  to  he  furmei 
SbR«  ahwily   referred   to  serer&l    ttmc«j   wfa: 

J  in  Ao  Bwwni^ng  nmbruK  ■□<!  other   parts  nf 

MK«i)  Kad  TomKs  gilH,  *nd  I  cuinot  establub  an;  < 
n«ctioD  beiw«eu  tbia  buadk  uiil  thv  ehiiinooB   ban  (A, 
11)  in  Nidi  pUu.     The  Utt«i,  when  ibej   reach   the 
tudinaibaikaW  («),  make  a  bnilaDd  lurn  out  mgftin  to 
I  the  next  pbuc  in  ihe  *«Ties.     In  eotac  aectiona  I   htra 
'tniiod  imlicatians  of  •  Tvrr  tbio  Uyrr  of  chitin  bco 
the  Bbrmu  bundle  {»),  whif  h  may,  thert^fore,  corrrspcnd 
the  fibtes  foand  in  Ui«   iroagfa  of  (h«   frametviirk   in 
Nmemlm  p\l  (wv  aborv).     If,  bowever.  Ibis  V-ebapcJ  <trtf' 
tare  i«  really  faotnalogons  with  the  trtm^A  of  the   Nwutk 
giU,  it  goes  far  in  suppon  of  tht  riew  adnmced   nhove. 
the  chitioDus  framework   '\s  really  madr  up  ' 
ttssae  vhicb  it  found  in  other  parts,  brrc  l> 
i  9om  oompuit  hum.     In  •neh  a  csk  fusion  hae  gune  forll 
in  NttaOa  iban  in  YMia,  and  we  see  in  the  first  gon. 
tioogfa  well  united   with  the  braocbn  (A)   in    eadi' 
The  plates  («,  fig.  11)  in  Yoidia  spread  tbemfelv, 
ioitead  of  downward,  as  in   .Vm<wo.     The   chitiuoo* 
(A),  of  which  there  arc  two  in  eoeb  platr-,  follun'  the  ennr 
of  the  plate  and  vnd  rather  bluntlj  abuut  Imlf  way  ap, 
the  point  a.     That  the  part  from  ata  a  eorrrapondn  tn 
lower  inner  edge  uf  the  Nuemla  plate  (tf  a,  fig.  A)   i* 
by  the  cbaracierisiii:  rows  of  Cfdumuar  cells  hart 
cilia  than  thoee  found  in  utlirr  parts  of  the  gilL 
atkotber  system  of  cbitinous  simciurm  (cA,  ^.  II). 
Am  ehitinoos  Glameuts  couil'  down  tmt'-tber  in  a  buni 
«aidi  aide  from  the  sospeoding  netnbraiie,  and  aa 
each  bundle  readin  the   pUtp   uf  ita   onn  sidtf   g 

Xead  ihenudvM  out  llkv  tLe  Iramc  of  a  f&o  over  the 
te.     Several  fibres  imnietinics  proceed  logvthu, 
separating  give  tlie  appearance   of  branching, 
found  diieclly  beueath  the  rpitht-lial   n>Ui  that  i 
plate.      The  effect  uf  tbi^  fraiuewurk  matt  be  lo  tcte^T 
plate  well  »ptead  out  for  the  purrw^o  of  Bfratiin       1  hm*, 
not  ■UM'tfeiic'il  in  i^hliiiniDt;  n*iv  - 
ihn  stniciute  of  tht*  jilale  wtH,  tni- 
Ijood  muuy  iiN-tiong  nhiefa  I  htw  made,  1  fei-l 
ibat  the  whole  =^~-'-  '■  — — -  -'r   -..;.v^i;-i 
vadt-d  bv  whiit  !' 


'  K.  noldUD  I'Mik,  >'  Tl>e  tUnute  tUraeliira  uf  Uii-  Glib  at  I 
branek  HiOMn,"  '  Qaatt  ioam.  MleiM.  M.,'  ISfT 
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a  loo*e  tnbecuUr  tissue  with  mnay  nuclei  aad  within  whose 
netnork  lilooil  can  lluw.  The  Hpiictr  bctwvtMi  the  chiuiiuus 
bais  (A,  iig.  1 1],  which  is  (|uiii:  lai^»  in  Yoi<lia,  ti-finit  to  bo 
tolerably  fi«e  from  this  Iftcunai  lisi-ue.  Fig.  11  a  gives  th« 
outline  of  the  plate  woo  from  one  aide. 

TUeorelicat  Oonsideraliona. 

The  Bilta,  here  ileacribed,  of  NhckIu  nnd  Yoldia  are,  I 
think,  toe  moai  Tudimentary  of  any  that  have  Ix^cn  Htudied 
w  &r.  In  fact,  at  first  sight,  the  resemblance  to  the  onli- 
Dniy  LamellibriiDch  gill  is  not  uppaivnt,  and  they  snggent 
nun!  the  Ccphalopoil  gill.  But  I  bcltcfc,  the  homology  of 
their  v.iriou»  parla  with  those  of  more  coni)>li,'x  gilht  in 
Unto,  Mrffi/us,  Area,  &c.,  is  not  ditiicull  to  make  out. 
After  consulliug  the  arricles  by  Peck  (loc.  Ht.),  PoBner,' 
LRcazfi'Dutbiers/  Bonnet,^  and  others,  and  also  afler  ex- 
amining the  sections  t  mytivlf  have  obtained  of  Unto, 
MinHola,  Si:aphar ea,&c.,  I  liave  no  doubt  wliali^ver  Ihat  llie 
pkitet  in  Nucttia  and  YMia  represent  the  descending  or 
attached  limb  of  the  filaments  in  the  outer  and  umtrr  gill- 
platea  in  forms  like  Mytilug,  Sfodiola,  and  Area,  and  accord- 
ingly are  honiol<^ous  with  the  folds  on  the  inner  laniell.i  of 
the  outer  gill-plalc,  and  on  the  oti4«r  lamollii  of  the  irmer 
gill-plalc  in  t/nio,  ^moi^m,  and  Drtinetta.  [fa  comparison 
is  made  of  my  tig.  6  with  any  of  the  cnws-aftCtions  of  gill- 
Glamrnta  given  by  Peck,  it  will  be  seen  at  once  how 
similarly  the  paired  chiiinoos  bara  are  plac<>d,  how  almost 
identically  the  cpithcliiil  ccltii  arc  iiirungied  around  them, 
how  iwo  niws  o(  thow!  cell*  (/./".,  fig.  6)— cnlU-d  by  Peck 
btcru-frontal  epiiliulial — have  longer  cilia  than  the  rest. 
In  fact.  Peck's  lig.  Vi  (a  trausver«e  section  of  a  tilament  of 
the  AuDdou  gill)  agrees  with  my  fig.  6  in  all  c^^sential  points. 
The  left  hnnd-tij^urc  in  hiit  fig.  5  (the  Hii|N!ifioiuI  view  of  the 
edge  of  a  gili-tilitiHriu  of  MytiUt*  ahowing  the  latervt- frontal 
and  other  cpiihL-liul  rtAX^)  and  ihi.-  upper  part  of  his  fig.  20 
(iho  bame  view  of  a  gill'lilamenl  of  AnoJonJ  would  pass  very 
well  flit  the  cot  responding  part  in  Nueida.  So  fur  iie  I  can 
make  nut  liom  tather  poor  specimen*,  the  Intero-frontal  cells 
in  ^acuia  are  strikingly  like  tl>o«e  represented  in   Peck's 

I  Cul  I'lMUier.  "Cebtt  d«B  Baa  dcr  NajaJcakiane,"  'Aroblr.  fuT 
oukros.  Anal.,'  I:s71>. 

'  Hvnri  ilc  Licaie'Ihil'tirr*,  "  MteiHrt  aur  le  DevclopMsiinit  de* 
Dnoddradn  MoUu»i|iiet  AMph>tMLaa>eltibnni!beB,"'Aoiii.d.  ScL  Nat.,* 
Ser.  iv,  iwar  v,  Uilt. 

*  Unbot  Bonaot,  "  !>«  B«u  u.  dte  CireuUawiM-YerbiUUUuo  der  Aca* 
fibalcaluBnic,"  '  Uondralogisclie*,'  Jslubnch  iu,  1879. 
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fiR.  80.    If,  Uien,  Iho  pUlea  in  the  gille   of  Ifaet^  uJ 
YoHia    rcpicsent   tlie    gil I- fi laments   in    other     neneii,  ii 
follow*    from  the    embryo  logical    obEcrvatioiis     of     Lscue- 
Dulhiers'  [loc.  cit.),  and  from  the  position   of  tliu  chitinim 
bars  in  ihc  pintvs.  that  ihfy  iirv  homolugous   with   the  ^ 
te«nding  limb    of  the   gill-lilaments  in   ordinary   LamdU- 
brancbs.     Professor  Huxley  seems  to  have  no  doubt  wkti- 
evcr  of  the  homoloKf  slated  here,  as  will  appeiir   from  llie 
i]uolalion  fpTcn  further  on.     Admitting,  then,  that  this  np- 
position  i«  corrupt,  and  that  the  gillt  in  A'ucti/a  and   Yol^ 
arc  in  an  unuBually  rudimentary  couditioti,  what   lii;bi,  if 
any,  do  they  throw  on  the  organoReuy  of  the  L^niellibruv 
vhiate  a\\\  ?     But,  before  proceexlintf  to  the  discuKsjon  of  ttiu 
IMint,  let  lis  rt-vicw  hric6y  what  thcorip*   havt;   been  ad- 
vanced na  to  what  is  the  most  primitive  type  of  the  bran- 
chitt  of  this    i;>^ui*>      Setting   aside   older    nuthors    like 
Wilhani!'   and   Hancock,   1   consider   the   articles^   alrcadj 
alluded  to,  by  Peck,  Posner,and  Lacaze-Dulhjcrs  us  having 
the  most  importnnt  bvarinf;  on  the  subject.     PoHaer,  afl« 
a  careful  histological  examination  of  the  »lls  of  Atwdon-, 
Uhw,    Cardium,    Mya,   yfyOltu,    Otlrea,   Pecten,    PAoUt, 
Pinna,   Scrohicuiaria,  Stflmi,  SoJccurtm,   and    P'enns,  pot* 
forward,  although  tiith  hesitation,  the  theory  that  the  poocb- 
like  gilla  of  the  L'nionida;  are  the  moAt  piimitivi^!  ^f  pc  of  the 
I.ameUibrftncbialc  gill.     StepaQoff,>  so  far  as   1  ran  rather, 
inclines  to  this  view.      Peck,  oa  the  other  hand,  after  ao 
tovettigattoii  of  Area,    Mytiiug,  AnodoH,  and    Xtreitifma, 
comes  to  the  eonclusion  that  "  the  sill-plates  of  the  Unio- 
nidn  are  a  highly  modified  form  derived  from  a  aimph-  niu- 
(litioii  in  which  tne  gills  coiiBii-i  not  of  plates  hut  of  a  seriet 
of  juxiatKMed  iiidepeudent^/arM<vi/«,  such  as  we  sev  in  n  lef4 
modified   state  in   Area    and   Myttlus."     This   viutv  it  the 
more  generally  accepted  of   the  two.     The  oulv  complnv 
hiatory  of  the  development  of  the  Lamellibranchtnte  pill  by 
Lacaze-Duthiers  (loc.  cil.)  and  all  the  fraginenUrj  cmbryt>> 
lofjical  observations  on  the  organ  show  that  the  sills  are  it 
fint  of  a  tentacular  or  filamentary  charaeler.       Those    who 
read  carefully  Mr.    Peck's   puper,  will,  I  think,   fuel  coo- 
viiiced  by  the  ni};timents  he  brings  forward.     Su  high  an 
authority  b»  Profi-^ior  Huxley  is  entirely  of  this  view,     ^m 
Fays  : — "  In  lU  simiilest  form,  the  hranchia  of  a  Lame^l 
branch  ronsisis  of  a  ateiu  fringed  by  a  double  •rrie*  ^^^^| 
menis   (e.y.  Nucuia).     Tha   next   degree  of  compB^^^| 
artM^A  from   these    filaments  berimiiug,  aa  it   were,  tfoowff 

*  I'aiil  Htqitnnff,  "  Dslwr  di^  OeteUaotsatBBa«  qad  <l>  ?.•>•  ^ 

Tva  CyclM,"  '  AnUv  (.  N>lur{eHlw,'  1S09,  B 
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itpoii  thems«lveti  at  the  free  ends,  Ibc  roflcded  pOTtions 
lying  on  the  outer  side  of  the  outer,  and  ou  the  inner  side 
of  the  inner,  series  of  filaments  .  .  .  (MytiUia  Fecleii). 
In  most  Lumellibranchs,  the  giUe  ure  four  eloDRsted  plates, 
eacli  of  which  is  in  fact  a  long  narrow  pouch,  with  its  open 
end  turnvd  toward  the  hgcnial  facv  of  tho  body  "  ('  Inrcrte- 
brates,'  pp.  408-9,  Am.  Ed.).  My  own  ob«t-rv8lionM lead  mu 
to  the  ume  conclusion.  In  fact,  it  is  difficult  to  sr<!  how 
the  pouch-like  gills  of  (Tnio  can  give  rise  to  sucli  forms  of 
branchiie  as  arc  found  lu  iVucit/o  and  YoUlia.  By  a  very 
circuitous  route  tltey  may  have  dogeneraled  into  their 
pri-s^mt  rudimentary  it«tR,  it  is  true,  but  nil  lecont  olMerva- 
ttouB  tend  to  show  that  vrhilo  other  orgatiK  in  the  LamelH- 
branchiala  have  been  steadily  dt'si-iie  tit  ting,  the  gilts,  on  the 
contrary,  have  become  highly  developed  and  perform  func- 
tions which  the  probable  change  of  the  nnimal  from  the 
motile  to  the  sedentary  hnbit*  uf  life  has  forced  on  these 
gills.  If,  then,  there  has  )>ven  no  cunsiileruble  degeneration, 
and  if  the  homologies  of  different  parts  of  these  branchia; 
are,  as  I  have  fltatcil  above,  the  filameniary  character  of  the 
piimitive  I.antellibranchiate  gill  is  placed  beyond  doubt. 

I  believe  further  lijiht  is  thrown  on  the  subject  by  the 
gills  of  Nucuia  and  YoUHa.  Pock  shows  lba(  the  gills 
primarily  oonisistvd  of  n  scries  of  filaments,  but  does  not 
attempt  to  account  for  the  fact  that  these  filaments  have 
come  out  in  long  rows  on  the  side  of  the  body.  I  reature 
to  soggest  an  explanation.  If  we  reflect  for  a  moment,  1 
think  we  &hall  see  that  the  gills  of  Niicula  and  Yoiiiia  may 
be  considered  as  a  stem  which,  being  folded  on  either  .lide 
to  increase  the  surfacB  of  coutact  with  the  water,  gives  rise 
to  the  flat  plates  which  I  bavi^  homologjzed  with  the  de- 
aceiidiug  limb  of  the  giU-tilanient  of  itt/tilut  and  other  Uke 
forms.  The  plates  are,  strictly  speaking,  nothing  hut  the 
epithelial  covering  of  the  stem  raised  into  folds  and  enclos- 
ing between  the  two  side«  of  the  folds  a  blood -channel.  In 
the  Giise  uf  Yoidia  mcsublastic  lacunar  tissue  is  carried  out 
into  the  folds.  According  to  Ihia  theory,  the  gill  of  the 
Lamellibranchiata  was  originally  a  longitudinal  ridge  on  the 
side  of  the  body.  Probably  in  this  a  blooil-vesscl  run.  Mid 
must  have  served  as  the  organ  of  respiration.  In  course  of 
time,  however,  this  ridge  became  foldml  for  (he  increase  of 
the  surface  of  contiicl  with  the  water  and  thus  produced 
papilla  on  its  two  Kide« — ruilimvnt«  uf  the  future  gill  fila- 
ments, llio  gills  of  Nucuta  and  Yoldia  have  gone  but] 
little  bejpontt  this  stage,  t  think  there  is  much  to  support 
tJita  view,     Slepanoff  (loc.  cil.}  obflvtved  in  C^cAh  tbat  the 
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^lU  mriso  first  u  a  ri<)g«)  on  «ach  aide  of  the  botly.  Ltydig* 
make*  the  snme  Rt«ltMii«ni.  M.  LoT^ti'i*  obwrvationa  have 
a  atill  inur«  imporoiiit  bearing  on  the  point.  He  My%t — 
"  Nous  arons,  n  je  no  me  troiap«,  vu  la  ptemidre  formmtion 
des  branchies;  noua  en  a«voni  uan  pour  etre  attr  quVMes 
se  monlrent  aoua  lit  forme  d'un  cordon  fin,  renfl^  ft  c«Ttitin« 
inlerrKllea  i  qne  ce«  rcnRemenu  ae  twDlourneiit  pltu  lard  en 
atiKcs,  qni  a'allonfcent  de  plus  en  plua,  el  aur  ieM]iiellea  se 
d^veluppent  les  cils  vibratiles  regulidrement  dispOMS  et  d'un 
forme  purlieu  Here.""  "  Un  ronton  fin  tenfle  A  cerlitins  in* 
tervallcs"  is,  it  secrng  to  mo,  iiothini;  hut  n  ridge  irith  slight 
awellinK^  <>''  p"pill)i'.  (."vt^ti'a  tigures  arc  not  rxactl)'  clear 
to  mc,  iint  what  ho  iIosigna«^«  n»  the  fcitU  are  certainly  in 
favour  of  my  view.  In  all  the  ftaffmentary  embryologieal 
obwrvations,  the  RtlU  are  K^nerBlly  8e«n  ■«  papills,  or 
aothing  but  the  folds  o\  a  blood-channel.  1  have  already 
called  nitcniiou  to  thv  anirrior  part  of  the  YoMia  gill  when 
the  pUti.-3  die  out  and  the  ^fiU  i>  continued  simply  a«  a 
ridgo  conlaining  a  blood-channel.  Whether  this  is  a  rem- 
nant of  the  primitive  ridge  or  not  it  is  difBcult  to  deiermine, 
but  the  fact  that  there  can  b«  on  the  side  of  the  body  a  thia- 
walled  ridge  which,  containing  u  blood-channel,  must  serve 
more  or  less  for  respiration,  goes  far  in  support  of  the  view 
here  advanc«d- 

To  ccviow  the  whole  matter,  the  Lamellihtanch  gill  wa» 
perhaps  originally  a  eimple  ridge  on  the  side  of  the  body, 
hut  to  incTciise  the  eurlxjo  of  contact  with  the  water  folds 
may  have  arisen  on  two  Miles  of  this  ridge.  If  such  vras 
the  case,  Nucula  and  Yaldia  are  Kill  in  a  singe  only  very 
little  advanced  from  this  primitive  condition.  In  course  of 
time,  however,  aa  some  of  the  Lamellibrancliiata,  either 
owing  to  degeneration  or  »ome  other  cause,  become  incapable 
of  extensive  locomotion,  these  buds  or  folds  vere  perhaps 
prolonged  to  form  tenlaculur  filaments,  nhicli,  going  on  in 
their  development,  finally  produced  such  complex  gill  struc- 
ture a*  we  see  in  MtftHut,  Unio,  Oatrea,  and  other  foms, 
taking  on  at  the  same  time  functions  totally  foreign  to  ilieir 

'  Franx  Lejaig,  "  Veim  Cyclai  Mrota,"  '  Mullpr'a  Hrehlv,'  1SS5.  Ho 
nji: — "Die  lelste  Uauplmimderiiig;  iia  ftiiMcrcn  Ilabiius  esltibrt  iler 
Embryo  durcb  die  Biltlung  licr  Ki«nien.  .\iic1i  nic  wACb§ca  als  Ltiitf»  ron 
biiiiea  oncb  vomc  uud  (war  gcbon  sic  impruuglioli  lou  Mantei  aaa " 
(p.  68). 

)  "  Bidr«{[  till  Kim«>lornra  om  utroolcliiigea  ar  molluKa  aocphsia 
LkmRliihranchiiiU,"  '  Ucmuiri  of  tbc  Acndcmy  of  Slockbolm,'  ISHi 
lutrh'  reprinted  ill  aix  abridijud  form  iu  Gf  rnian.  1 

'  Tnuisluti^d  b;  M.  Youug.  sad  quoted  b^  Laoaze-Dulkwn  io  llie  artiole 
alrendj  rofHrred  to. 
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origiinal  one.  BetirMD  the  Himplo  gills  of  Nucuia  and  mott 
complex  oneti  known,  there  arc  a  great  many  intermediate 
Btnges,  some  goiug  more  in  one  direction,  olhen  in  anolhrr. 
For  instance,  Lticma  and  Corhit  are  said  (o  have  only  one 
gill-plate  on  each  side  ('Owen's  Invcrleb.").  Accordinjf  to 
S»rs,  Pscchiala  is  in  ihc  samu  condition  ('Bemarkable 
Forms  of  Animal  Lifi-,'  G.  O.  Sars).  Chamottrea  and  Myo- 
chama  are  de:*vribed  by  liancoclc  (*  Ann.  and  Mag.  of  Nat. 
Hist.,*  185S-3)  as  having  the  inner  piU-)>late  con)|ilele,  but 
the  outer  plnte  Inckin;;  the  outer  lamella.  In  th(>se  tentacular 
lllaraeuts  si-vm  to  be  (used  with  each  other.  On  the  other 
liand,nlihout()i  Ar^a,  Myttlus,  ifoiliola.h^ivi:  all  the  Inmcltac 
presi-ui,  ihe  lilainenl^  composing  them  have  not  fiis^d  ivith 
one  another.  It  is  interesting  to  notice  that  Nucuia  and 
Yoldia,  in  which  the  gills  have  remained  rudimentat}-, 
have,  as  Dr.  Brooks  firitt  pointed  out  to  me,  an  unusual 
power  of  locomotion,  while  forms  wholly  or  almost  wholly 
unable  lu  move,  as  Ottrea,  Pholas,  &c.,  poasess  highly- 
developed  gilU. 

For  aome  reason  the  inner  gill-plate  seems  to  develop 
fnrihec  than  (he  outer.  For  instance,  in  many  genera,  the 
inner  is  much  Uirgur  than  the  outer.  In  C^mottrea  and 
Mifochama,  already  referred  to,  it  is  the  inner  giiUplatc  that 
is  complete,  and  the  outer  gill-plate  that  lacks  a  lamelUi.  It 
will  aUo  be  seea  «  little  further  on  that  in  Anodon  the  inner 
Uillptate  has  t;one  further  than  the  outer  in  its  develo|)[ne»t. 
In  the  cmbr) ological  study  of  the  branchiie  of  MiftUus 
Lacaxe-Dutliiers  observed  that  the  filaments  of  the  inner 
gill  budded  out  first. 

It  ii  very  instructive  to  see  the  process  of  secondary  fold- 
ing going  on  in  higher  varieties  of  the  gill.  The  two 
lameTliG  of  a  gill-plate  are,  in  such  a  c«se,  no  longer  parallel, 
hut  wavy,  and  the  surface  of  a  lamella  is  thus  considerably 
increacei).  In  Anodott  this  process  is  (wrhaps  going  on,  for 
Vvvk  shows  that  in  (bat  genus  tlie  croe3-»ection  of  the  outer 
gill-plale  has  parallel  and  xtrnigiit  edges,  but  that  the  outer 
lamella  of  the  inner  has  a  wavy  mnigin.  l'o«aer  shows 
auceessivv  stages  uf  secondary  folding  in  thv  gills  of  Phoiaa 
dact*fiu»,  Veaut  (an J,  J/ya  armaria,  Oatrea  rttHlu,  Sidm\ 
vuijitia,  Cardium  eduh,  I'mna  nobilis. 

Uiaineliically  opposite,  as  the  views  advocated  by  Fosuer 
and  Peck  may  n-vm,  it  is  not  difficult  to  reconcile  the  two. 
If  \iv  Inok  over  the  li&t  of  the  gem-ra  examined  by  I'osuer, 
we  xbiiU  (ind  all  uf  tlitfui,  eicept  itijtilaa  and  pcrhu|i«  J'fctm, 
to  |Kn>M'8s  more  complex  gills  than  Umo,  and  starling,  as  he 
did,  from  the  la«t  genus,  it  is  no  vroudet  that  he  i:outtidcred 
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it  to  poflsefis  tlie  primitive  gill.  On  the  other  hand,  Peci 
iuvesiii^ftleil  forms  simpler  than  Unia,  and  arrived  at  Uw 
probably  truv  concUisioii.  Pmncr  Gimply  began  when 
Peck  ciiJcit.  The  Iwo  inv(-fltiftiitiir«,  thcrrfore,  Bupplctnoil 
oacti  other,  and  now,  with  the  addition  uf  the  extrvnulf 
•iniple  ^Its  of  i^i'iAHi/a  and  yo/</ia,  the  series  is  fairly  com- 
plete, and  it  Ecvms  to  mo  that  the  filamentary  cliaracter  of 
the  primitive  Lameltibranch  gill  is  made  tolerably  certain. 


tiuCLtrs  xv  abaCbkid. 


LiMHLUSfln  AuACHiM).  By  E.Rav  Laskester.M.A., F.R.S., 
Jodrell  Piofcsvor  of  !^ologf  in  University  College, London. 
(CWnan^yVPM  ;>.  US.) 
Fttrlfufr  remarkt  on  (he  pulmonary  sact  and  lun</  boott 
of  Scorpio. — In  tho  cuin{i«naon  of  the  lung  bookR  of  Scornio 
and  the  ^11  books  of  Linmlus,  giren  in  a  preceding  {torUon 
of  thia  memoir,  and  in  the  attempt  to  deiivo  the  two  modi* 
ficalions  of  lamelligetous  appendage  boxa  a  common  an- 
cestral form,  I  have  carried  the  supposed  history  only  m>  far 
89  to  reach  a  hypothetical  Scorpion -like  form  in  which  the 
lamclli|{crous  appendage  is  sup{)oaed  [o  be  filled  with  blood, 
the  "  pulmonary  »ac,"  or  "  iuvestinc  sac,"  or  "oarc  of  in- 
TKgiDation"  (the  homologue  of  the  fuunel-like  cavity  of  the 
tendon  of  the  tboraco-branchiuU  of  Limulua),  being  still 
filled  with  air  and  communicating  persistently  with  the 
atmosphere  by  means  of  a  stigma,  which  in  this  cane  is 
the  original  orifice  of  invagination  of  the  investing  sac. 

Such  KO*  probably  the  condition  of  au  anu-stral  Scorpion, 
h  liting  Stvrpion*  a  further  devtlopmcnt  kat  taJieu  jiiace. 
The  original  fttigma  has  become  entirely  cloKi-d  up ;  the  in- 
vesting sac — that  which  1  have  s|)oken  of  aa  pulmonary  sac 
— coouins  no  longer  air  but  blood.  A  h«w  opening  (the  stig- 
matic  slit)  has  formed  within  the  area  formed  by  the  closure  of 
ihc  primiticr  oiH-ning  of  the  cave  of  invagination  in  tho  form 
of  a  stit'liki^  fiKMiri:  in  the  delicate  membranous  wait  of  the  axi« 
of  the  in-sunken  pulmonary  appendage  (see  woodcut,  fig.  Ifi). 
By  this  aperture  air  now  enters  where,  in  Limulus  and  the 


PiD.  15.— DUctui  or  a  Soorpioo's  lung-book,  enckned  In  the  pulinoasry 
Mc  aiul  diviilril  br  a  cut  at  ri|;ht  Bosks  to  tbc  Inneitiscroui  aiit. 
ox.  axis;  /,  IukIU-,  ju,  pnlnoDary  >ac  or  care  or  iaragiasUon  j  m, 
nitcd  Durgin  of  the  tlij^iu ;  il,  slit  leading  from  Uio  vxloriot  bto  tbc 
uifl  of  tl>«  Unielli{;«roiu  nppcndigc. 
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§  «.  ALXXmAST  CAHAL.— Tluiagb  ihov  mn  vvr^  om^ 

■i>Wnii)lr  iltfTi-micf*  lietwcTn  the  eJimmtary  raoal  and  lu  oC- 
giowtbi  ill  Limului  and  iu  the  SrDi|ii<iD,  jt>t  therw  anr , 
nmiaikabW«pCRnetiUof  «  rntictatODnul  chanicMr.  Thei 
encrt,  luch  otheTMB,  ran  br  -■-— — l  -«  .1...  ..^-■.!..  ,.r  -i 
ail«|)Utidfi.     Tbcrv  »  the  car 
fw'  III  tbi)  Son  1 1 
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Fw.  IS.^Oiaitniini  or  tkt  ncnous  i^ttan  (tec  me  SOS);  J  B,  of 
Ehitbii)  (ScorTiioo),  tStet  Nevport.     C,  of  Litnuriu^  eonstmcicil  frtim 
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Mllnr^-Kiitnrd*.     [  to  VI,  ncncn  lu  tliv  m-liulo-lhoincic  litnba  i  Til, 

CTBiUl  of>nculnra:  VIII  to  aU,  neircs  to  ibo  tiundli- 

Tirjaim,  of  viiKli  &M  krifte  fram  Ifao  veiUnJ  oord  id  LIibu- 

Jui :  T.\i-,<  VII],  I\,  tnd  X  ai«,  n  it  worei  drawn  np  to  the  tnopha- 

feiJ  coliv  ill  Battiu*.    or,  uer«o  to  ilm  compound  or  grouped  vjea : 

«/,  uervc  til  t'     I-  cyc»;  Z*  In  /.*,  pMiUoB  of  the  (bar  rMpinlor; 

t^aiagt*  \:  tide  of  lli«  Seorpioai  g,  rectal  gaugtui  of 

liiBoJin  ;  tj;  .A. ...  la  tbc  poit-onkl  ^liae. 
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may  mcntioit  that  Dnfour  ('Mitmoirefl  do  rinatiiut  Srium 
Maih.  ct  Phys.,'  vol.  xiv,  1850,)  has  given  aii  acfiiuoi 
which  is  twsvd  upon  llie  (-xiiinination  of  freshly  killed  ijrx>- 
merits  of  Scorpio  weitanus.  In  regard  to  the  alitnsnui) 
caanl  and  its  ftpneudages,  Dufour  is  [irobahly  correct  wfatn 
he  differ?  from  Newport,  the  diverRCDCe  being:  due  to  the  fui 
that  Nenpott  studied  the  large  oriental  speeie.t  of  Buthoi, 
whiUl  Dufour  made  tiKe  of  the  K|N-cii!s  alKive-iiBuied.  Ditftr- 
enc«s  in  tin;  aocotittt  giTi;ii  hy  Oufour  of  the  nervous  luiil 
circulatory  8y»t«ins  ar«  not  thu»  to  he  explained,  aod  witb* 
out  defiuitely  concluding  that  Dufour  is  entirely  %rroni^  in 
bis  statements,  I  have  fett  justi6ed  in  accepting  Newptni'i 
Recount  as  accurate.  Nenporl,  iinfortunalcly,did  uot  c<im]>lru 
'his  figures  of  the  nlimeiiUry  nystent  nor  giv«  any  propel 
account  of  ihem.  HcncR  ]>iifour'«  contributioii  to  thu  part 
of  the  eubjoci  i*  of  increased  valut.-. 

In  both  Scorpio  and  I.imulus  the  alimentury  canni  conei 
of  an  uxial  tube  which  takes  a  tuediaa  course  without  late: 
convolution  from  mouth  to  anus.     It  prraents  a  suctorial 
ingestive  portion  in  fronl,  and  a  widened  "  pFOCtodieum," 
hind-gut  po«teriorly.     The  mouth  in  Limulus  is  not  pUc«J'' 
so  far  forn-iird  as  in  Scorpio,  but  ha»  a  cunsiilerahle  urea  nf 
the  cej>hnlothornx  in  front  of  it.     KesuliJng  from  this  po«r 
tion   we  find    that  the   suctorial  or  pharyngeal  ponioa 
the  tract  itt  b^nt  sharply  upon  itself,  passing  from  ihe  ntoulli;' 
forwards  to  the  front  of  the  head,  and  then  turning  upwards 
and  backwards  to  pursue  n  median  course  to  the  anns.    This 
bent  pharynx  of  Limnlus  is  a  powerful  suntoHal  or^^n,  and 
is  lined  within  by  cbitinoua  ridges.     The  food  of  Limulus 
consists  of  Hoft-budied  worms,  which  are  sucked  into  this 
organ  and  crushed  by  it. 

Corresponding  to  the  bent  pharynx  of  Limulns  is  the 
pharyngieal  sac  of  Scorpio,  the  meehaoism  of  which  was 
described  by  Professor  Huxley  in  ihia  Journal  (ISfiO).  Tlw 
Scorpion's  pharynx  ia  adapled  to  the  sucking  up  of  the  juioM 
of  other  animals  which  it  kills,  but  never  draws  within  the 
Iwuudaries  of  its  exceedingly  minute  oral  aperture. 

Following  unon  the  phnryux  of  Limulus,  and  «ep«rat«d 
from  it  internally  hy  a  TaWular  anangcment,  is  the  digcsdre 
portiou  of  the  alimentary  trsict.     It  is  remarkablo  fur  pre* 
seniing  two  pairs  of  tubular  onlgrowths,  which  aro  th< 
of  the  huge  ■afTrnn-rolDured  gland  wbicli  fill*  tip  tli- 
offered  by  the  horseshoe-shaped  caiajmcc,  flu 
into  ibv  n-giun  of  the  nbihimen.     The  digi 
the  nlimcuiury  tract  rutis  through  the  whole  series  of  appen< 
dage-beariiig  segmitnta,  and  in  Ihu  lolsOiiic  r^ginn  joins 
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pTOCtoOceum  or  anal  inTRginatioi),  from  which  it  is  very 
Bliarply  tnarkeil  off  by  a  groove  and  by  the  expansion  and 
]iticition  of  ibt'  walls  of  the  pioctodECum. 


AlimeaUry  cuiM.  J,  of  8oon>>oo  (Bulliu*)) 
atXtr  Kevport.  B,  of  limiiliiii.  p; 
pliujDgtaJ  SM  i  m/,  utiraiji  ^laiM  ; 
H  (o  <*,  ([luBilular  oeca  of  tbo  niii-giit, 
if,  Htiipigliui  tuba;  fm,  proclmlniun. 


Tho  corri!*poii(!ing  !«ertion  of  Ihe  ScoTpion's  alimentary 
tract  aitc  carriea  more  ikan  one  pair  of  glandular  c«'<-ii,  anti 
ends  in  a  voluminous  pnK'todJKuui,  which  commences,  pre- 
Uniaely  im  in  Limulus,  in  that  region  of  the  body  whicli  suc- 
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cc«dN  tite  thirteenth  segment,  as  todicatcd  by  the  supcrficul 
Bclctites, 

Very  marked  differences,  however,  exist  bi'twcen  the 
■aimnU  in  tcgard  tu  the  number  of  the  glnndtilar  cccs. 
Whilst  Litmiliu  has  but  two  pairs  of  ducts  ofieiiin]^  at 
intvivnl  into  the  mid-gut  (mesenteron),  the    Scorpion  b» 
(nccortliiig  to  Newport)  six.     The   first  pnir  are  conaectal 
with  a  peculiar  pair  of  glands  rccogniwid  by  Newport,  Duron 
and  Iluxicy  (loc.  cit.)  as  snlivRry  glands.     Tix;   opening  «f 
these  duels  is  placed  at  a  point  where  the  aliniKiitury  ouiai 
is  slightly  dilate*!.    The  following  live  pairs  of  ducts  are  the 
eonduits  of  a  huge  glandular  ma&s,  which  corresponds  unde- 
mably  to  the  great  saifron-coloured  gland  of  LJmulus.      Itat 
in  Limulus  the   relative  enlargement  of  the  eupbalotho 
results  in  the  pnektng  of  the  gland  into  that  region,  whe 
in  i>coTpio  the  relative  enlai^ment  of  the  anterior  part  of 
abdomen  (segments  Tit  to  xiii  inclusive)  results  in  tlio  p, 
ing  of  the  glund  more  jiosierioily.     The  same  difference 
external  pTOp^rCiuns  in  the  two  animals  results  in  n  sitm) 
contrast  tn  the  position  occupied  by  their  generative  glitnds 
in  Limulus  they  ramify  anteriorly  to  the  genital  orifice,  i. 
Scorpio  pofltenorlr  to  it. 

According  to  Newport,  the  glandular  mass  (which  t  Eiball 
call  the  hepatic  ^Iniid,  in  accordance  with  custom,  and  nut  as 
implying  that  it  is  the  morphologic«l  equivalent  of  the  Ter- 
tebrat«  liver  rather  than  of  any  other  outgrowth  of  th 
asenteron)  is  divided  into  lobes  or  lai>|iet4,  correspoudi 
the  wparate  ducts.  Dufour  also  admits  this  to  be  the 
case  for  the  large  oriental  species  of  Buthtu,  but  describes 
the  oi^t^n  as  continuous,  and  witlt  onljr  four  pairs  of  due 
(in  place  of  five)  in  S.  oecitanta.  Tbe  minute  structure 
this  gland  has  not  been  inveatieated  in  any  Scorpion  oui 
yet  in  Limulus.  By  earlier  wnters  it  was  spoken  of  in 
Scorpion  as  "  the  fat  body." 

The  Scorpions  appear,  then,  to  vary  in  the  number  of  pairs 
of  dncts  pwiesscd  by  the  hepatic  gland,  and  the  fnct  that 
Limulus  bus  but  two  pairs  is,  nccotdiagly,  not  an  impor 
point  of  divergeaee.  The  absence  of  xulivary  glands  is 
more  serious  departure  from  the  urrangemetits  prevailing  i 
the  Scorpions.  It  is,  however,  to  be  remarked  that  uu 
jiriring  allied  aquatic  and  terresiial  forms  of  salt' 

gUnil*  aro  nut  unfrequcuil}'  found  to  bo  pri.  oe 

nhiUt  absent  from  the  former. 

When    we    comu    to   compare    tha    nria'toila-mn    i^f 
Iwn   aoimnls   we   find,   perhaps,  llii?  uii 

I'ureuco  which  can   be   pointed    to  in  uutunii].){  U 
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LimuluE  nnd  Scorpio.  The  oxccc<'in^  shortneeB  of  the 
proctodfcam  of  LJiniilitt  if  only  n  purt  of  thnt  general  reiJuc- 
(ion  of  iu  hindci  segments  which  U  pniani'liH)  in  many 
other  groups  of  Arthropodn.  But  in  Scorpio  ther«  ore  giren 
off  from  the  anterior  border  of  the  proctoda^um  two  delicate 
tubes.  According  to  Dtifour,  in  Sc.  ofxittintis  there  are  four 
of  thew  tube*,  of  which  one  pair  is  branched.  Newport, 
however,  figures  only  one  pair  in  Buthus.  ThvM!  dclicntc 
tubes  are  the  Malpiijhian  sliinds,  found  alike  iu  Atx-rjapoda, 
Ilesapodn.and  Arachnidn,  i)ut  never  in  CruslacBa.  They  have 
b(^n  shown  in  Spiders  hy  Mr.  Balfour  (SO)  to  develop  from 
the  proctedieuni,  or  anal  invagination  of  the  cpiblast;  they 
have  a  renal  function,  and  potaibly  represent  moTphoIogi- 
cally  '  nephridin,'  such  as  those  of  Gephy  nen  and  Rotifera. 

Their  absence  from  Limulus  i$  a  difficulty  in  the  way  of 
associating  Limnlui^  and  Scorpio,  but  it  in  iilso  a  difficulty  in 
the  way  of  asnociating  the  Ouslacea  with  tbe  other  Arthr<»- 
potla.  Leydig  has  pointed  out,  in  the  proclodieum  of  Cope- 
pfl<ln,  slruclural  evidence  of  tho  existence  of  a  region  which 
may  funclionally  rei^rct^cnt  the  Malpighian  tubes  of  the 
tracheaie  Arlhropoda,  and  careful  hialologicat  study  may  give 
similar  evidence  with  regard  tu  T.imulns.  As  to  the  develop- 
ment of  actual  «ec<il  tulK'!<  in  this  re;^ian,  two  views  are  admis- 
siblc:  either  the  common  ancestor  of  ihe  Arthropoda  possessed 
thcac  tubes  and  ihcy  have  been  lost  by  Crustacea  and  by 
Limulus  (and  some  others)  among  the  Arachnida,  but 
etained  by  the  varioiie  trachcatc  classesj  or  llie  common 
nccstor  possessed  only  the  functional  "renal  region"  of 
lie  proeiodreum,  which  has  remained  undifferentiated  in 
[>rro  in  Crii*ta<oa  and  in  Limulus,  but  has  tukcn  <iu  the  fiinn 
CKCal  tubes  in  tlie  air  brenthin;;  forms,  (xTliajia  indefien- 
lently,  in  the  course  of  the  ^-volution  nf  different  groups.  If 
we  are  to  hold  that  Malpighian  lubes  can  only  onc«  have 
originated,  and  that  all  forma  possessing  them  have  a  common 
ancestor,  we  must  suppose  eillicr  that  Limulus  has  lost  them 
or  tliat  nil  Traeheau  nre  doscended  from  the  Arachnida. 
Amongst  these  [K>sfiibilitie«  we  have  no  decisive  indicatioiu. 
The  whoW  <iucstiun  of  the  genealogy  of  the  various  classes  of 
Arthropoda  i?  involved  tu  ihe  ii>sue. 

§  J.  VASCULAK  SYSTEM. — ^The  clo«e  ngrecment  between 
the  vascular  system  of  Limulus  and  Scorpio  has  been  ably 
insisted  upon  by  M.  Alphonse  Mtlnv-Edivards,  who,  eight 
yvara  since,  gave  the  rvsultit  in  faia  beautiful  memoir,  already 
cited,  of  n  scries  of  injections  carried  out  upon  perfectly  freah 
specimenk  of  Limulua.     It  is  not   possible  to  say,  in  the 
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abe«nce  of  any  adequate  inTesligition  of  fre«b  sp«ciinen*  of 
Scorpio,  how  &r  toe  rcMmbUnce  nay  go;  but,  tlepeadiiijc 
upon  tfa«  cmfol  diiMCtioui  by  Newport  of  Bpirtt  spccinwa* 
(and  diicardiiig  those  of  Dufour  which  arc  very  incomplete' ' 
we  are  able  to  point  to  very  close  agreements. 

la  Limulos  a  more  complete  va$cuUr  ayetetn  bas 
demoiuitrated  than  in  any  oilier  Arthropod,  and  ScorpiB 
eonn  neareet  to  it  iu  this  respect  of  all  members  of  Uu 
group.  The  arterial  chansels  do  not  end  in  fvide  spam 
bounded  by  the  connective  (vasifanlive)  tinue  wbich  clothn 
muscles  and  riacera,  but  the  connective  tissue  here,  as  tn 
other  animals  in  which  fine  vessels  are  developed  for  lbs 
passage  of  the  blood,  forms  in  most  regions  of  the  body  a 
series  of  canals,  which  constitute  n  capillary  tystem  and  lead 
into  definitely  constituted  veinK. 

It  is  worthy  of  remark  by  the  way  that  canalisation  of  the 
connective  tissue  is  the  same  phenomenon  and  duf?  to  tJic 
same  proceasea  of  growth  in  nil  Arthropoda,  whether  the 
canals  so  formed  are  connected  with  the  fttmospheric  air  b 
stigmata  or  are  filled  by  the  blood  flnid  of  the  primiti 
cceToroic  cavity. 

It  does  not  fall  within  the  scope  of  this  memoir  to  give  a 
detailed  account  of  the  vascular  system  of  Limulos ;  for  (hat 
the  reader  is  referred  to  the  memoir  of  M.  Milne- KiJwnnls. 
I  shall  content  myself  with  drawing  attention  to  the  o^ree- 
meot  between  Scorpio  and  Limulus  in  respect  of— (1)  the 
existence  of  capillaries  and  veins ;  (S)  of  the  well-developed 
veseds  conveying  blood  to  the  limbs  and  viscera,  and  more 
especially  in  respect  of  the  great  spinal  artery  and  its  mode 
of  origin;  (3)  of  the  intimate  association  of  the  arteries  and 
nerves ;  (4)  of  the  details  of  the  structun^  of  the  heart. 

The  memoir  by  George  Newport,  in    the  '  Pbiloaophical 
Transactions'   for  1843,  and  that  by  M.  Alphoose    iUilne~ 
Edwards,  in  the  '  Aunalcs  des  Sciences  Naiurclles '  of  1873, 
contain  the  exiMwitioa  of  the  factn  in  dcUil  relatively  respfw:- 
lively  to  the  Scorpion  and  the    King  Cnb.     Of  the  latter 
animal,   31.  31  ilne- Edwards  says:  "The  venous  blood,  in 
place  of  beiu^  distributi'd  in  intcrorganic  Utmnie,  ■«  in  iIib 
Cnistacca,  is  in  a  considerable  portion  of  its  rotu 
io  special  vessels  whose  walls  ore  perfectly  distin^ 
adjacent  organs ;  they  ofh-u  take  ilieir  origin  in  ramifiL-atiuii* 
of  a  remarkable  ilelicncy  and   lead  into  rwervoiis  which  are! 
for  the  most    PKrt  dirfinilelj    circumscrihed.     The  outrimtl 
liquid  posves  from  tJie*e  leservoiis  into  the  brm    '         ,i)d{ 
after  having  traversed  these   rc-spimti'ry  iiq^nns,  ^ 
system  of  bnochio-caidiac  canals  inin  a  pericardial  ch' 
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anil  (hea  pcnetrat«3  tlic  hi-art.  From  the  heart,  Uio  dimcu- 
Bions  of  irbicli  are  considerable,  it  i*  forced  into  the  tubuUr 
arteries  with  resisting  walls,  the  ilistnbittioii  of  irhich  is 
exceedingly  coinptex,  with  fifquent  Einaslomosettiwhibt  their 
tarminnl  nimificiitioiis,  which  aio  of  inarTetlouB  tenuity  and 
abundance,  can  be  followed  into  the  substance  of  the  most 
delicate  membranes."  These  capillaries  are  figured  by  M. 
Milne-Edwanls,  but  we  have  not  of  them,  any  more  than  of 
t)ie  tissues  of  Scorpio,  a  Batisfaclory  hialologicnl  account. 
Ge^enbaur  (2),  whoito  utiscrvationH  were  made  on  snirit  s)>eci> 
mens,  did  not  obticrve  thcite  liner  ramilicntions  of  the  Teesels, 
but  supposed  the  arteries  to  li^ad  into  tnteTCOmmunicating 
lacunoe  without  definite  walls. 

As  to  Scorpio,  it  may  bo  justly  said  that  it  was  the  main 
purport  of  Newport's  memoir  to  m»kc  known  just  such  an 
extended  vascular  nynti^m  in  the  Myriapoda  and  Arachnida 
as  abore  indicated  for  Liniulue,  though  M.  Alpbonse  >rilnc- 
Edwards  docs  not  cite  Newport's  work,  but  unjustly  appeals 
to  the  Mccond-hand  authority  of  M.  Rlanchard,  for  the  few 
facts  which  he  mentions  relative  to  the  Scorpion.  And 
further,  the  genomi  description  of  the  circulation  above 
ftiven  as  to  Limulus  is  strictly  applicable  as  a  summary  of 
Newport's  observations  upon  the  course  of  the  blood  and 
distribution  of  the  vessels  in  the  Scorpion. 

N«w))ort'8  description  and  figures  of  the  heart  and  its 
main  arteries  in  Scorpio  show  a  close  agreement  with  these 
parts  in  Limulus,  as  described  by  Milne- Ed  wards.  A  revi- 
sion of  these  structures  in  the  Scorpion,  iu  the  light  of  what 
is  now  known  as  to  Limulus,  would  probably  show  a  still 
closer  agreement  in  some  details,  especially  were  injection 
practised  upon  freshly  killed  specimens. 

The  dia^ams  here  given  will  snable  the  re.ider  to  judge 
of  lbs  general  features  of  the  arterial  system  in  the  two 
animals. 

The  heart  of  both  Limulus  and  Scorpion  is  an  elongated 
organ,  constricted  so  as  to  form  eight  succwsive  chambers, 
winch  are  imperfectly  marked  in  the  Limulus,  but  more 
obvious  in  the  Scorpion,  since  iu  that  animal  imperfoct 
transverse  septa  occur  within  it,  less  complete,  according  to 
Newport,  than  in  other  Arthropod  heart*.  In  front  of  the 
eight  chambers  the  heart  is  continued  in  both  animals  as  a 
truncus  arteriosus  towards  the  head.  Posteriorly  it  is  con- 
tinued as  a  posterior  aoru  iu  Scorpio  into  the  cylindrical 
tail ;  but  in  Liniulua,  in  accordance  with  the  reduction  of  that 
region  of  the  body,  it  ends  blindly.  The  eight  chambers  of  the 
pcorpion's  bentt  appear  to  be  th«  exact  e^uivalonts of  the  less 
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«lr«Dgly  n.«tked  divUions  of  ihe  King  Crab's    heart,  *<W, 
arigmailt/ jdaexd  in  corresponding  segmmtt  of  the  bodj/.  Ai  Ox 


Pt0.  IS.— Ueul  uul  origin  o(  th«  rasni-fptiM]  art«ry.    jf,  of  Uie  Soar .. 
iipn  (Buthua).  iftcr  Newport ;  ^,  of  LilnDlu^  »fTct  Mdnr-Edwu^ 
I  to  TT,  MtCTJes  lo  tbc  idx  |icdifi)m  liiali). ;  VII  lo  XIV,  tiio  «iglii 
cbanbcn  of  the  bokrt ;  »,  gupnftpmtJ  utMy ;  w,  ccrthnJ  uXKhnM 
«,  etiultl  utciy  1  ',  IrtCM  Miaatoontiii  kIocj  of  Limultm.  f 

anterior  margin  of  vach  divuion  tliero  is  a  pair  of  vnlml 
a|>eiturc»,  and  there  are  accoriIirigl]i  eight  pairs   in   cac 
fit-art.'    At  K\\^  hitider  margin  of  oach  dtvioion  in  the  Scni 
jifoQ  a  |mir  orint«ral  nrtem-s  is  g^iven  off  (eight  pain  in  »\\}\ 
Each  lali  !    '  '   i>iily  in  connectiuu  wtUi  tha 

tffM  di*'  r  <"ral>'»  heart,  their  itlaeir 

takoii  by  1  [runk:^  (wtj'  .  !•>,  ^ 

From  thi  ..rtrriiMiiis,  thiu  in  fmnt 
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of  Ibe  most  anterior  pair  of  valvular  a)>«rtures,  a  pair  of 
Utornl  nrt4-m-s  is  *l*o  givon  off  in  both  hoarU. 

The  (light  cliiin]bcr«  o(  thv  8roq>ioii'K  hc-iit  are  pluced  io 
th«  Mvfii  Hiiivrior  nbdomtiiiil  HejjmuiKii,  the  first  coirespond- 
ing  to  the  Nogmeut  whicb  b«an  the  geiuiKl  operculum,  the 
IhsI  two  bein^  placed  in  one  s«^ineiit  (thititteiith  of  the 
whole  series),  the  brond  triaiiRulnr  segment  which  precedes 
the  first  cyliTidrical  ciiudnl  HcjpncQt. 

Tiiv  vi^ht  chaiiil)«rs  of  the  Kitif;  Crab's  heart  have  a 
similar  relation,  though  not  so  obvious.  Thu  anterior  por* 
tion  of  the  heart  ia  somewhat  drawn  forward,  so  that  the 
segments  indicated  by  the  valvular  apertures  are  (hke  the 
coTTcspondinK  ucrvv  gaoglion  of  the  K^nititl  0{>erculuni]  a 
good  ileal  shifted  to  the  front  of  (he  appuiidiculitr  portions  of 
the  skelftou  to  which  th<-y  are  segmeiitiilly  n.-lotvd. 

In  place  of  the  (ive  hinder  pairs  of  lateral  arteries  present 
in  itcorpio,  wefind  in  Lirauluslar^e  lateral  art<^ries  (tig.  IS  I), 
which  tnkc  origin  by  an  anastomosis  from  the  three  )>airs  of 
anterior  lateral  arterina  of  the  heart,  and  from  the  pair  of 
lateral  artcrie*  of  the  hase  of  the  tiuncus  arteriosus. 

The  truncus  arteriosus  (or  anterior  portion  of  the  heart, 
as  M.  Milne-Kdwards  prefers  to  call  it)  prcMnts  a  remark- 
able agreement  in  the  two  cases  iu  regard  to  the  distribution 
and  character  of  the  vecwU  given  olT  from  it,  allhouKh  upon 
the  Iwi^i?  of  n  fundamental  agreement  very  wide  differences 
iu  detail  are  to  be  noted.  At  the  base  of  the  truncus,  just 
in  front  of  the  most  anterior  pair  of  valvular  upcrturcs  of  the 
heart,  we  have  the  pair  of  lateral  atteric*  xiniilnr  to  those 
given  off  from  the  heart.  Then  the  trunk  is  coiiiiiiued 
forwards  (through  the  cephatothor.-icic  region  in  Scorpio), 
and  gives  off  two  branches,  which  form  a  small  vascular 
collar  around  the  oisophagua  in  Ihe  Scorjiion,  but  a  wide 
pair  of  arterial  commissures  iu  the  King  Crab,  which  meet 
upon  the  post^csophagcal  portion  of  the  nerve  collar.  In 
Jrotil  of  the  vascular  collar  in  Scorpio  the  trunk  divides  into 
a  median  and  two  lateral  stems,  and  from  these,  arteries  are 
given  to  the  cephalothoracic  appendages,  to  the  brain  and  Iu 
the  cjes,  as  shown  in  the  woodcut.  Its  main  continuation, 
however,  ts  in  the  vawular  collar,  the  arches  of  which  form 
a  large  vessel  whicb,  as  tlie  svpra-spiwtl  artery,  takes  a 
course  backwarda  along  the  upper  surface  of  the  ventral 
nerve-oord  (aee  woodcut,  sp.)-  The  ssaociation  of  this  {uirt 
of  the  arterial  system  with  the  nerve-cord  and  its  branches  is 
very  intimate,  ao  as  to  have  excited  special  remark  on  the 
part  of  "^ 

A  pa:.  I    more  intimate  association  of  the  correspond* 
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itig  part  of  the  vascular  systuin  in  Liiiiuliis,  with  its  nem- 
gaiiglion  collar,  cord,  and  mnin  ntrrca,  was  first  observoil  hj 
Owen  C  LectuTPs,"  1855),  but  h»*  been  fully  clfiuoiiftlrntwl  tai 
descril>ed  in  deuil  by  Milne- Kd wards.  Tlio  supTa-spiiBl 
artery  of  Scorpio  ia  represented  by  a  complete  artenal  invtM- 
ment  of  the  nerve-gangtion  collar,  including  thu  lirain,  and  tl 
the  chief  nerves,  as  well  as  of  the  ventral  nerve-cord  arinof 
iTom  it,  so  that  the  duitcs  Hctually  lie  insidfi  artorice  and  the 
brain,  ncrve-uollar  and  nerve-oord  ure  pint-cd  in  the  intervc 
of  a  great  arterial  truuk  conespondin);  lo  the  supra-sniuil 
artery  of  the  Scorpion. 

The  agreenieut  of  these  part«  in  Limulus  and  the  SocrpioB 
has  been  insisted  upon  by  M.  Milne- Ed wiirds  at  page  19  of 
his  memoir  (6j. 

No  Crustacean  prescnta  bo  coinpleie  a  vascular  system  tt 
LimuluB,  nor  can  we  find  anyvibeie  but  in  Scorpio  aa  aitciT 
originating  by  arlerial  arches  embracing  the  (i!»ophagu<  and 
passing  through  the  botly  in  close  associntion  with  the  ncrte- 
cord  as  a  main  channel  for  the  distribution  of  the  blood. 

The  chief  difTerence  (by  no  meant  a  small  one}  botwot-n 
this  part  of  the  arterial  Hyi>tem  in  Liwulii!!  and  8corpio  u 
that  the  arteries  to  the  cephalothoracic  limbs  nnd  braui  ire 
in  the  former  given  off  from  the  a:««phH»eal  vascular  fiolUi, 
or  from  its  united  factors,  vrhiUt  in  Scorpio  thtry  ortgiiutc 
from  a  distinct  trifurcate  anterior  cuntinuatioa  »f  the  dn- 
sally  placed  truncua  arteriosus  (see  woodcut,  fig.  19}. 

§  ,-.  OENERATITE  0LAHD8.— The  iwsition  of  thr  extw? 
nal   openings  of  the  generative  organs   biis  already    be*A 
sbown  to  corrrsjwnd  exactly  in  Limulus  and  Scorpio,  "    "^ 
placed  in  both  in  the  segment  next  following  Ihnt  to  i 
the  sixth  pair  of  leg- like  appendages  are  attached,  nud  uc 
covered  in  by  an  opercular  plate  with  a  bifid  mareio 
plate  being  formml  by  the  coalescence  of  the  two  apueiidn 
pru]M!r  to  this  segment. 

Limulus  and  Sooriiio  agree  io  having  the  sexes  diatioet. 
Tbe^  also  agree  in  the  general  form  and  character  of  ihe 
oranea  and  (eslcs  respectively,  and  in  the  faut  that  the 
ovary  and  the  u-slis  are  in  fundaneata]  form  like  to  one 
aooiber. 

Though  it  might  l>e  possible  to  find  an  ovary  or  n 
similarinfnrm  to  thoseof  Limulu)  and  Scot-;--  -ir.iug 
tacea  (1  du  t)Ot  know  of  one),  vet  it  is  an  i  r  fa 

part  of  our  ciimuUtii         I      x-v  of  afflnit) 
thai  in  Ixilb  (hes(>  am  :  ovaries  and  :. 

ttie  satn*^  chnrncicristic  fonn,  and  that  that  form  i«  nn  ^^ 
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oiw.  Tiic  tubular  genital  Kland  is  uot  disposed  u«  a  simple 
ctiiitrat  body  with  two  ducts,  nor  as  right  Btid  left  lub«H  uuiti'd 
by  a  central  isthmuK,  nor  ns  a  single  ot  double  bunch  of  simple 
or  atbotescflitt  ctecx,  but  it  i>  distinctly  retiform.  There 
arc  two  genital  tliictfl,  which  pass  from  th«  two  genital  pores 
right  and  left,  and  are  continued  into  a  widely  diffused 
nievhwork.  The  mesbwork  may  be  resatded  aa  a  continua- 
tion of  the  two  genital  ducts  which  Rive  rise  to  branches, 
which  anaatomo«e  and  also  join  their  ti-llovra  of  the  opposite 
side  ;  it  has  a  tubular  structure,  and  it«  wails  prec«nt  follicles 
in  which  the  generative  cells  are  produced.  In  Scorpio  the 
ovarian  follicles  are  less  numerous  and  more  highly  developed 
individually  than  in  Limulus,  and  also  in  the  former  animal 
the  meshwork  formed  by  the  gland  is  more  symmetrical  and 
its  meshes  larger  than  in  the  latter,  but  the  leticulnr  arrange- 
ment of  the  gimilal  gland  is  the  same  in  both. 

The  main  differences  in  the  genital  glands  of  Limulus,  na 
compared  with  those  of  Scorpion,  are  related  to  two  modifying 
causes  :  firstly,  the  greater  relative  size  of  the  cephalothoraxj 
in  Limulus  ;  and,  secondly,  the  terrestrial  mode  of  life 
Scorpion  which  replace*  the  aquatic  mode  of  life  of  Limulus, 

Owing  to  the  first  of  these  causes  we  find  that,  whereas 
in  Ltmiuus  the  retiform  generative  gland  extends  both  in 
front  of  and  behind  the  genital  pore,  that  is  to  say,  into  the 
cepbalolhorax  (segments  1  to  G)  and  into  the  abdominal 
segm«nta  (segments  7  to  13),  in  Scorpio  wo  find  its  mesh- 
worka  spread  entirely  in  the  region  posterior  to  thegcuital  pore, 
that  is,  in  the  wide  and  thick  abdominal  segments  (7  to  IS). 

The  second  cauvr  ha)t  brought  about  a  very  important 
difference  in  the  wcondary  arrangements  of  the  generative 
system.  Limulus  does  not  copulate,  but  the  male  discharges 
the  spermatozoa  into  the  water  on  to  the  surface  of  the  eggs 
which  have  just  be<'n  laid  by  the  female.  Such  a  method  of 
fertilisation  is  im[M>»«ible  iu  any  animal  of  strictly  terrestrial 
habits.  Copulation  is  a  necessity  in  sueh  animals.  It  is 
only  those  terrestrial  animals  which  pass  into  the  water 
during  the  breeding  »!ason  which  can  dis[K-nsc  with  intro- 
mission. Accordingly  we  find  the  efferent  duels,  both  in 
male  and  female  Scorpions,  modified  to  subserve  copulation. 
The  ejacuUtory  apparatus  in  the  male  is  complicated ;  the 
distal  portion  of  each  of  the  efferent  ducts  is  modified  so  as 
to  form  an  intrommittent  organ,  and  accessory  gland*  are 
devuluned  from  its  sides.  The  two  oriducta  in  the  female 
are  enlarged  to  foim  voginro.  There  are  thus  two  penes  and 
two  vaginn  in  the  male  and  femalo  Scorpion  respectively. 
|n  copulation  Ibe  female  appe«n  tQ  lie  ufwn  her  h«ok  ^adi 
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it  liM   been   at^ff«ate4,  with    much  plnunbUitf,  that 
pectens  (the  Umollifcrou*  a|>[>viidagc«  of  tlie  aishth  i 

,  cerve  u  tActilc  organ*,  guiding  and  sumulating  the 

Fments  which  result  in  the  coitus. 

The  female  Scorpion  is  erea  further  9|int-i aUmJ 
reference  to  its  gt:nilalin  ss  compared  with  Limuluci. 
it  retain*  the  reticuUic  gUml  and  the  tiea  ducts,  each  ■rid 
iU  cxteriiAl  aperture  as  in  Linmtuii,  it  devolupa  no  apeoiil 
■pennatheca  or  receptacle  for  the  epermaiozoa  recctnd  d 
copulation,  but  the  semen  passes  along  the  tubulnr  imil» 
and  into  its  nut>Ukc  branchv».  Here  ih<>  scmeu  firrttlisM dv 
ova,  which  are  p1ac«d  in  follicle*  8«t  upon  the  siilu*  of  it^ 

Imeith-formiug  ovarian  lube.   Thedevelojimeiit  of  the  egg  jot- 

Iceeds  aciuall}'  within  the  follicle  and  the  Scor|>ion  pi^OM* 

iher  young  in  the  Uring  condition. 

Conucvted  with  thi*  Tiviparouti  charitctcr  is  the  spccialMi- 
tion  of  the  egg^bearing  follicles  carrii^l  by  the  ovarian  ntHli- 
work.  In  Limulus  more  numerous  eggs  ore  produced,  *ai 
there  is  no  spccialiftation  of  follicles,  hut  &om  all  parU  of 
the  ovarian  icticulum  egg-cells  appear  to  develop    sod  tn 

I  become  free  in  the  lumen  of  the  lobular  structure  of  whidk 
the  reticulum  consitits. 

The  best  account  extant  of  the  generative  organs  of  the 
Scorpions  appears  to  be  tlial  of  Uufour  (loc.  cit.),  i^ 
studied  firesh  specimen*,  but  his  aocouut  leaves  every  thinf  IB 
be  done  in  rnpcct  of  the  bitttology,  and  one  may  evi^ti  beo- 

.  late  to  feel  confidence  in  his  description  of  latgf.  featuras. 

There  is,  also,  no  complete   account  of  the   gonenttK 
glands   of  Limulus.      We   may  hope   that   the    Amerkaa. 
naturalists,  who  have  abundant  Limuli  on  the  soa-shon>, 
Mon  give  us  a  pn-ciM!  account  of  the   farm  of  the   fall] 
developed  ovary  and  teali»,  as  well  as  an  account  of  the 
histology-.     At  present  our  knowledge  is  confined    to  tL 

^^ure  given  by  Owm  of  a  portion  only  of  the  ovary,  nod  lo 
Ills  description,  which  is  very  definite  as  far  as  it  goes,  and 
Buliicient  for  the  |>urpose  of  a  genoral  comparisoa  with 
Scorpio.     The  testis   was   immature   in   a  male   specimen 

itly  dLM'rctvd  by  me,  and  in  an  earlier  dissection  I  was  Jl 
anablc  to  clear  out  this  organ  fiiUy  on  account  of  the  spccial^| 
objects  which  I  had  in  view,  ^^ 

I  was,  however,  able  on  that  occasion  to  delcmiiDB  an 
important  point  of  agreement  between  Liroolaa  and  Scorpio, 
oamoly,  iu  regard  lo  thechnrncterofthcspcrmnloxin.  Ii  is* 
fiimiliarfai-t  tliat(brapnrmalo»)aof  theArthropo'l  ' 
greatest  diversity  of  form,  nud  also  g^reat  want  ol  : 
as  to  the  presence  or  ahmnee  of  a  motUa  dagallifuriB 
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En  Cruslaeea  ^nernlly  thoy  nrc  immobili;  unil  of  xptj  varioufi 
ehapcM:  but  in  CiTrliijH'diu,  and  possibly  somo  olhors,  they 
arc  filtimcntouH,  with  a  nioiile  tail.  In  cliilopod  Myriapods 
they  liave  a  vibratild  tail.  Jn  €hilog;naths  they  are  motion- 
less. In  hexApod  Insects  they  have  a  vibiatile  uil.  In  some 
Anchiiida  {e.  g.  Spidun)  thtty  are  dvroid  of  such  a  process. 
Wc  owe  to  Kollikcr  the  obwrvation  that  in  the  Scorpio 
tmroffteut  the  spormatosEoa  are  filamentous  in  form,  with  a 
vibraiile  tail.  Accordingly,  it  is  compatible  with  Arach- 
nidan  nfiinitica  fur  (be  spermatozoa  to  bo  either  motile  or 
immobitt; ;  Ht  tbu  tamn  limu,  as  an  clcmunt  in  the  cumulative 
ovidimce  of  affinity  between  the  King  Crab  and  Scorpion, 
which  it  has  been  my  object  in  this  essay  to  bring  together, 
the  pi€aenc«  of  vibrntile  spermatozoa  in  Limnlus  is  a  fact 
of  valuo.  Tho  spermatozoa  of  Limulus  arc,  as  I  observed 
fonr  yvant  ago  (4),  proviilud  with  a  long  vibiiitile  tail ;  they 
agree,  therefore,  with  those  of  the  Scorpion. 


C,  Thb  Eukyftxbima  as  a  CossKcrisfo  Lixk 

BKTWBBN    LlMULDS   AND   SoORPIO. 

T\\K  intimate  affinity  of  the  extinct  Eurypterina  with 
Lintulus  is  no  longer  doubted,  Th«  resciuchos  of  Hali, 
Huxley,  and  AVoodward,  harr  thoroughly  r'^tiibliHhed  the 
fiict  that  Pierygotus,  Kuryplerus,  Slimonia,  and  Slylonurus, 
are  to  \»  reganied  as  Limuli,  in  which  one  pair  of  leg-like 
organs  (probably  the  most  anterior)  has  been  suppressed, 
and  in  which  the  tclsonic  region,  instead  of  exhibiting  but  an 
Imperfect  development  of  »cgmi'nt'<  {>ot>terior  to  the  twelfth, 
and  that  only  in  tbt  embryo,  gives  rise  to  a  series  of  segments 
forming  a  large  tail-like  region  of  the  body.  The  result  of 
this  develonment  of  segments  between  the  anus  and  the  la^t 
append  age- Bearing  segment  (the  twelfth  of  Limulus)  is  that 
ihc  so-callGd  "  macrourous  "  form  of  body  is  prodaced,  and 
consequently  u  general  similarity  in  appearance  is  obevrred 
bciween  the  Kurypterina  and  Scorpio. 

The  two  wooacuis  (figs.  19  and  £0)  sufficiently  exhibit 
thia  general  re^'cmblnncc.  In  other  respects,  allowing  for 
the  supprcstion  of  an  anterior  pair  of  appendages  in  the 
Eurypterina,  wk  find  obvious  agreements  with  Limulus. 
The  actual  fifth  pair  of  limbs — theoxeiically  the  sixth — 
present  consiautly  in  all  the  genera  that  enlarged  form  and 
epect-'i  '  iif  iheir  terminal  jotntA  which  are  noticed  in 
the  '  ''"S  timbs  nf  the   King  Crab.     The  coxfc  of 

theoe  aud  uf  the  three  pairs  of  limbs  in  front  are  brought  up 
(o  the  moulh,  and  denticulated  so  as  to  serve  as  jaw-organs. 
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A  gctiiul  operculum  of  the  Mmc    proportions   as  Unti 
Unittlii»  is  present,  and  traces  of  ap(x>n(UKe9  (sterual  , ._ 
corresponding  to  the  five  pairs  of  braticliinl   plates  tif 
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~n«.  10.— Ptfrfyo^u  J»ftum.   The  Mgnieoto  ue  Bumbcred  la  »ham  I 

■grecmcct  with  tbote  o(  tlie  8o«pia<i  (Me  Kk.  3).     ac,  caauu_ 
e]W  i  ci,  dulahiun ;  ^j),  genital  aperculum  i  «a,  toos  -,  PA,  patf>^ri 

3 line  or  p1&l«. 
P.— JtomwB  oanwMto.    «>,  coakpottnd  q«i  latent ;  m',  anobm; 
oeattal ;  FA,  poet-iM]  ifUM. 

animnl,  have  )>een  detected  on  the  followinff  tegmeatm. 
cepbalothoracic  tergum  is,  in  some  Euryptenuu,  honeni 
shaped  ae  in  Limulus,  though  reUlivcly  sniuller  in  size,  i 
the  eyes  appear  to  have  been  similar  to  those  of  Limning 
in  character  and  position,  though  the  compound  ejn  art 
close  to  the  margin  of  the  carapace  instead  of  at  aoaio  diMiaoe 
from  it.  Though  in  many  Eurypterina  the  cephttlothoracir 
Appendages  are  simple  tactile  or  ambulntor;  ot^na,  yet  in 
others  we  6nd  (as  in  Pterygotus)  the  chelate  form  appeaiinj, 
as  with  the  majority  of  tfacM  litDbs  in  Limulus. 

1  am  anxious  here  to  point  out  that  there  ia  not 
Benera]  T«i>cmbknc«  of  the  Eurypterine  IkhIt  to  that 
^coTjiion,  hut  that  in  many  of  the  m- 
which  they  differ  from  Uiote  of  Liii< 
body  and   appendages   agrae   prwiiely  «riih    ibnae 
^oorpioD,  and  n9t  tt)  a  nwrelf  |en«ral  waj,    1 
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torina  in  fact  serve  in  a  tnott  impoiinnt  manner  to  directly 
conSTm  the  assimilation  of  se^ents  ami  ujipcndiigot  in  the 
tivo  animals  which  I  hare  already  insisted  upon. 

In  (lie  fir«t  pliice,  it  »  to  be  admitted  once  for  all  that 
Limulus  and  Bcarpio  agree  with  cne  another,  and  differ 
Irom  the  Eurypt^rina  in  p04*c»ing  six  pairs  of  cephalo- 
thoracic  Appendages.  An  anterior  pair  haa  diitappearcd  in 
the  Enrj-ptcrina,  and  this  reduction  is  the  distiQctive  cha- 
racter of  the  order.  Thut  such  a  loss  of  an  anterior  pair  of 
limbs  has  occurred  is  rendered  probable  by  the  fact  that 
there  is  evidence  of  a  tendency  for  iliis  abortion  of  anteiior 
appendages  to  go  on  furcher  still.  The  actual  anterior  ])air 
corresponding  to  the  second  pair  of  Limulus  and  Scorpio  ia 
very  small  in  some  Eurypterina  (scu  fig.  SO),  and  nuggests  the 
existence  of  causes  tending  to  the  suppression  of  appendages 
in  the  anterior  region.  Such  a  suppression  of  anterior  ap- 
pendages is  not  without  iHtrallcl  nmong  the  Arthropods  (e^, 
certain  Crustacea),  and  for  the  Arnchnida  it  has  always  been 
regarded  as  characteristic  nlnr-never  the  attempt  has  been 
made  to  compare  the  appendages  of  those  forms  with  itiosc 
of  either  the  hexapod  Insects  or  of  the  Crustacea.  It  is  not, 
therefore,  assuming  too  much  when  we  admit  that  just  as 
possibly  (though  I  du  not  at  the  momvnt  assert  the  fact) 
one  pair  of  Hppcndiigcs  is  Aupprc-i'sird  in  nil  Arachnida  as 
oompiared  with  othi^r  .\rl)uopoi!a,  so  a  second  Miir  has  been 
suppressed  in  the  KuiypEerine  order  of  Arachnida. 

Counting  the  segments  of  the  Eurypterina  upon  this 
assumptioDi  we  find  (hat  they  exactly  agree  with  those  of 
the  SeorpioQ.  The  segments  suecee4liug  the  cephalothorax 
and  anterior  to  the  anus  are  twelve  in  number,  gradually 
towards  the  anus,  though  not  iwldanhj ,  diminishing  in  size 
after  the  seventh,  as  in  St-orpiu.  I'osteriorly  to  the  anus 
is  the  postanal  spine,  broud  :ind  flat  in  mo«t  Eurypterina 
for  swimming,  and  neither  rod-like,  as  in  Limulus,  noc 
globose,  as  in  Scorpio.  Any  dilTiculty  which  the  unseg- 
mcnted  teUonic  region  of  Limulus  may  have  prevented  in 
the  comparison  with  Scorpio  is  removed  by  the  simple 
inspection  of  the  abdomen  of  the  fossil  Limuloid  (woodcut, 
fig.  20). 

Secondly,  a  difference  between  Scorpio  and  Limulus  of 
some  importance  is  seen  when  the  form  of  the  cephalo* 
thoracic  limbs  is  compared,  since  in  Scorpio  certain  of 
those  which  arc  chelate,  in  Limulus  nre  simple  ambulelory 
organs.  Uere,  too,  the  admittedly  Limulotd  Kurypterina 
remove  all  difficulty ;  for  among  them  all  the  ceplialo- 
thoracic  appendages  are  iusome  genera  non-chelate  (tig.  SO), 
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and  exhibit  a  coneidwablc  ranffc  of  cliftmrtfr,  being  (o*  e 
oiher  Aiacliiiida)  cilh<>r  ambulator;  or  uiriilr  organ*.  TU 
chelate  limbs  are  thus  set-n  lo  he  n  special  fi>nttiro  of  Linii- 
1(18,  and  not  eBsentially  chaiacterii-lic  of  the  Liiiiuloid  Aracli- 
iitds.  Aceordinsiy  there  is  no  diflicuU}:  in  dertriiiK  ik 
Scorpion's  ambulatory  limbs  from  those  of  auch  L.imaIotdi. 

Thiidlj,  certain  features  are  prewated  by  the  c«plul». 
thorax  of  the  Eurypterina,  in  which  they  agree  very  doody 
with  the  Scorpions,  and  in  which  Limnltis  differs  from  then 

A  great  diSurviicu  between  Limuliia  and  Scorpio,  1 
to  di^rences  in  the  form  and  sizo  of  internal  ur^na, : 

£  resented  by  the  much  Rreater  siKe  of  the  cepbalothorax  is 
imulus.  Among  the  Eurjpterine  Limuloids  tve  find,  ham- 
ever,  gcncn,  in  which  the  cephalothoracic  carapaov  hai 
precisely  the  qtiadrangnlar  shape  and  small  relative  h-. 
compared  with  the  abdomen,  which  is  noticed  in  Si<.  , 
{fi^.  SO).  It  cannot  be  doubted  that  the  puckitig  of  Ur 
TJsCBra  was  correspondingly  Affected,  and  there  is  ^cat  pro- 
bability  ihnt  the  liver  was  connected  by  inorc  uuineriKU 
duels  with  the  intestine  in  these  foinu  (as  in  Soorpioa^ 
than  it  is  in  Limiilus.  U  is  aUo  probable  in  the  rory 
highest  degree  that  the  ^nerative  glands  were  developed  in 
Ihcsv  Eurypterina  posteriorly  to  the  geniul  pores,  and  nnt 
anteriorly,  as  in  Limulus. 

Further,  the  dispooition  of  the  eyes  on  such  a  quadntn- 
gular  carapace  as  that  of  Slimnnia  (fig.  £0)  is  ain^ularly 
uke  that  seen  in  the  Seorpion.  Centmlly  are  two  smaU 
simple  eyes,  oc',  and  precisely  in  tbc  position  vrbich  tbey 
occupy  in  Scorpion,  viz.  at  the  anterior  lateral  margin  of  id* 
carapace,  right  and  leA,  are  groups  of  eyes,  oc.  la  tbc_ 
Enrypterina,  as  in  Liniulus,  thcrse  groups  are  elost^  set 
comiKMition,  so  as  to  form  what  is  called  a  coinpouad  e 
whereas  in  Scorpio  the  individual  members  of  tfau  group 
semi  rate. 

The  individual  factors  of  the  compound  rye  of  Li  mull 
are  more  archaic  in  their  histological  «truclun>  than  arv 
simple  eyes  of  spiders,  btit  at  present  we  do  not  know 
minute  structure  of  the  grouped  eyes  itf  Scorpio.       Ii 
possible   that  they  may  show  closer  agreemeDt  with   tL 
Limutns  eye  thnn  do  tbtne  of  Spiders;  or,  again,  it  is  us 
difficult  to  suptiose  that  from  a  loose  aggregation  of 
simple  miirginal  iiycs,  which  existed  iu  the  eoimnoa  nii 
nf  I.iinulus,  Eurypterines,  and  Scorpio,  there  !"'•  1" 
>elo|iM),  on  the  one  hand,  by  coalescence,  the  •■ 
of  the  r  iiid  iin  the  nther  hsni}, '         '     -!>iiii  cJa] 

tion,  iL'  I'  eye»  of  ths  tnoderu  - . 
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Lnstly,  in  rcgnrd  to  thiit  clem«at  of  tlic  stcroum  which  in 
Btithiis  \x  Iho  jViUiigonal  "  thonicit;  tni;li»»U'niil^,"  iitiil  in 
LimuUiH  formi  Ihe  "cliiUria"  or  paire<t  ini^tuKtoniii,  tlia 
Eur)-|itcrinea»erve  tolie  Limulusmoie  tightljrto  the  Scorpion. 
The  duplicate  charscter  of  tb«  chilaria  of  Limulus  renders 
it  at  first  difficult  to  admit  ihat  they  are  rflpre««nted  by  a 
■ingle  mvdiati  platv  in  Scorpio.  This  right-and-left  cha- 
racter even  Ivd  M.  AlphiiTisc  Milne-KdimnlH  In  ignore  the 
poAilioii  of  the  genital  a))«[turea  and  to  identify  the  chiUria 
of  Liraulus  with  the  pectens  of  Scorpio.  The  Eurypteriaes 
show  clearly  enou^^ h  (even  in  tlie  absence  of  embryologicnl 
evidence)  the  storutil  nature  of  tlw  King  Criib'*  chilarin, 
tor  they  posM«*,  just  where  thechilariuof  Iiimuhis  »re  found, 
a  dingle  broad  oval  plate,  which  riKS  up  from  the  surface  in 
such  a  way  as  partly  to  corer  in  and  work  n«  lower  lip  to 
the  foar  p<uri>  of  coxiil  juwtt  in  front  of  it  (s^  woodcut,  fig. 
19cAj.  This  single  nietuiitom!i,ur  chilariun),is  readily  under- 
•tood  also  tm  the  iNiuivaleut  of  tlte  oitigle  {teiitagonal  aternite 
of  Scorpio,  which  in  dwindled  in  sir.e  and  l)ushe<l  away  in 
that  animal  from  the  functional  jawa  by  thi!  large  ankyloaed 
cox»  of  the  fifth  and  sixth  pairs  of  cephalothoracic  appen- 
dages. 


D.  Betikw  Of  Opinions  of  MonKas  AiiTHORlTiss  A3  TO 
THR  Afpimitibs  OF  LiuuLrs. 

So  far  in  preceding  pages  my  object  has  been  to  point  out 
definite  points  of  special  resemblance  between  Limuhia  and 
Arachnids,  especially  the  Scorpion.  I  have  not  paused  to 
iustst  upon  Uie  alwencc  uf  any  such  npecial  I^p«cmonte 
between  Limulua  and  the  Crustacea.  I  propose  briefly  to 
do  this  now  by  examining  the  statements  of  those  who  have 
asserted  that  any  such  special  agreements  exist. 

Clearly  between  Limulus  and  any  other  Arthropod  there 
must  exist  agreements  which  arc  the  common  characters, 
more  or  less,  of  all  Arthropods.  It  may  also  bo  postible  to 
find  structural  f»ttur»  which  are  exhibited  mily  tnr  Limulus 
and  by  ('rustat-eaua,  one  feature  finding  its  parallel  in  one 
('rustacean  and  oue  in  another.  But  I  think  it  must  be 
definitely  conceded  (iM)  (bat  there  is  no  one  Arthropod  in 
which  anything  like  so  lai^  a  number  of  the  !<tructttral 
features  fuuud  in  Limulus  arc  paralleled  as  the  Scorpion,  »nd 
(i^iid)  that  there  are  several  structural  features  exhibited  by 
l.tmulu$  which  have  no  parallel  in  the  Crustacea  nC  all,  but 
are  common  to  LitniiluB  and  the  highir  Arnchnida. 

I'utliug  ti>gGihcr  Limulus  and  Uiu  Isurypieiines  we  may 


ess 
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brieflT  eutnn)ari*c   their    Rp;reero«iUit    with    Arachnida  iW 
dUagree meals  witli  CruaUcca  as  follows  : 

1.  Limuliu  and  the  Euryptcrinea  {the  one  vupplementuif 
the  olhor)  agree  precisely  with  the  Scorpion  in  the  exiitniR 
of  eight«*n  seKinnnls  espressed  in  the  structure  of  ikts 
bodtefl,  and  in  the  distribution  of  thtMc  ^egmenttt  into  llna 
groaps  erf  six  cuch,  vii. :  a  leg-bearing  cvpbaluthoratric  resiM, 
an  anterior  abdominal  rvgion,  in  which  each  srg-meot  canb 
lamellate  appendagea.anda  posterior  abdominal  region  d«f«i 
of  appendages,  ending  with  the  aiiua  and  n  pcwianal  •pint. 
No  Criutacean  presents  this  number  and  groaping  of  its  tot- 
stitueni  somites. 

8.  LimuluB  and  the  Eurypterines  agree  with  the  Scotjpim 
precisely  in  the  positiou  of  the  genital  aperture  beneath  a 
opercular  plate  formed  hy  thi^  coalewence  of  the  seventh  inb 
(in  Eurypterines  the  actual  sixth  pair  of  appendages).  N« 
Crustacean  has  the  generative  orifice  »o  far  forward  and  in 
none  is  there  a  ^emtal  operculum  of  thu  kind  having  sock 
relatioDs  of  position  to  the  genital  apertures. 

3.  They  ^ree  with  the  Scorpion  in  tho  characiir  ad 
position  of  the  mouth  and  upper  tip. 

4.  They  agree  with  the  Scorpion  in  powcssing  a  mrta- 
thomcic  sternite,  in  the  possession  of  a  fibn>-cartil«gino«o 
cntoatemite,  and  in  tJie  precise  form  and  relations  of  ibu 
organ.  No  Crustacean  possesses  an  entostertiite  or  tuf 
structure  resembling  it. 

5.  They  agree  with  the  Scorpion  in  the  disposition  of 
central  (stnglv)  and  lateral  grouped)  eyes  on  the  rcphaln- 
thorax.  No  Crustacean  has  an  identical  kirangement  of 
single  and  grouped  eyes. 

6.  Limulos  agrees  with  (he  Scorpion  in  the  form  of  lbs 
alimentary  canal  and  its  lateral  outgrowths  (liyer),  which  an- 
more  than  one  pair.  In  Cruitucca  it  is  very  exccpiiooal  in 
find  more  than  one  pair  of  such  diverticula,  though  a  vingla 
pair  may  CKiry  numerous  secondary  branches 

7.  It  agrees  with  the  Scoq>ion  in  poesessiug  a  oupra-  or 
cireiim-tneduUary  (spttinl)  artery,  which  arises  froni  the  dorwi] 
aorta  by  two  arches  embracing  the  ixsophaguR.  Ha  Cius- 
UcMin  has  such  a  supta-apiual  itrlery  so  originating. 

S.  ft  ogTees  with  tbe  Scorpion  in  the  form  nf  tlie  genei 
tive  glnnili^.  No  Cnistuceun  has  its  generative  glands  in  i 
form  of  an  ansstomoAing  network. 

9.  It  agrees  with  Sioqtio  in  (HWessing  viliriitile  appr 
to«n.     No  Crostaceit  rxcept  Cirrhipediaare  known  in  ba 
ribratile  sperms toxoa. 

10.  tt  agrees  with  Scorpio  and  Spiders  in  hitvit^  ' 
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wliicb  (tike  that  of  the  embryo  Scorpion  and  Spiiler)  Buppliet 
oiilypji'sntid  iiitcgiinirnt  iviili  npTves,nti(l  no^  iiny  appeiidaj^e. 
ill  all  CrusUceu,  osLcept  rami;  Phyllupoda,  sucli  an  Drcki- 
cerebrum  does  not  exist ;  but  wen  in  young  stages  the  braiti 
is  found  to  supply  at  least  one  pair  of  appendages  as  well 
AB  ibo  eyes. 

11.  [t  agrees  vritb  Scorpio  in  the  concontration  of  the 
origins  of  ncrvi^  supplying  the  anterior  patt  of  the  ab<loui«n, 
in  (he  Cfpiial't) borax  in  liie  form  of  a  nervous  collar,  per- 
foiati'd  by  ihe  |>barytix.  Such  a  nvrvc-collar  has  ils  parallel 
in  Cru&taci'K  among  the  btacbyuroiis  l)ii:api>da,  which,  how* 
cTcr,  aie  in  other  respects  the  Ctusiaceaus  which  least 
iMirmble  Limulus. 

The  points  in  nliich  Limulus  ngrees  mth  the  Crustacea 
and  difiVrrs  from  Ar3<diniila  arc  thnrc  only.  They  are  m 
folloivB : 

1.  Limulus  agrees  with  many  Crustacea,  and  dltTeia  from 
Arachnids,  in  that  its  respiratory  organs  are  adapted  to  au 
aquatic  in  place  of  an  aerial  medium. 

S.  Limulus  agrees  ivith  Crustacea,  and  differs  from  Araoh' 
nida,  in  that  it  possesses  a  pair  of  groups  of  eyes,  in  which 
thv  asfociaiion  of  thir  individual  rycsof  cacb  group  is  so  close 
ns  tu  constitute  a  comiiound  eye. 

3.  limulus  agti^ca  with  Crustacea  (excepting  aomc  Iso- 
poda?),and  differs  from  Arachnida,  in  no/ possesiing  glandular 
c%c«  (the  Malpigtiiau  tubules)  growing  out  from  the 
proctodeum. 

The  first  of  thet«  agreements  is  purely  one  of  functional 
mtaptation.  The  laniclligcrous  organs  of  Scorpio  and  the 
Spidc-rs  act  ujmiu  atniosjihcric  oxygen,  as  might  l>e  expected 
in  animals  living  on  dry  land.  The  fact  that  the  corre- 
spondin^  ort;ana  of  Limulus  respire  the  oxygen  diEsolved 
it)  Mil  water,  ns  do  the  gill*  of  Crustacea,  docs  not  even 
remotely  tend  to  establish  »  morphological  agreement  1>elwv«n 
Limulus  and  Crustaceans.  All  attempts  to  associate  organ- 
isms  in  one  genealogical  group  on  ^ccnunt  of  an  agreement 
in  ihe  ultimate  moile  of  perforniing  such  functions  as  respira- 
tion and  locomotion,  without  tefcrencc  to  the  exact  nnlurc 
of  the  oiguos  by  which  thoc<e  functions  arc  pcrfoinied,  are 
liable  to  serious  error.  We  cannot,  as  a  principle,  associate 
in  genratugical  claisifi cation  all  animals  that  breathe  air, 
or  all  amniais  that  breathe  water,  or  all  animals  that  ffy, 
or  all  animals  that  swim,  or  all  animals  that  walk.  On 
the  conlrarvj  we  must  bold  the  actual  slrueliiri'  end  ana- 
tomical relations  of  organs  to  he  the  only  guide  m  tlie  gen«iic 
affinities  nf  the  animals  which  possess  thcni,  quite  ineafec- 
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tivc  of  thr  RjM-cial  xdaptaliona  of  l)io»u  oi^ane  (o  «o 
OT  aiirial  mode  of  life. 

The  second  uneement,  vis.  that  «8  to    the   esuteoM 
eoropouRd  eye«,  la  more  apparent  than  real  ;   for  it  tc  ^ 
obvious  that  n  coming  tc^etbcrr  of  simpk  eyt't  miKlit  •■( 
stagf  in  thi;  evolution  of  Arthropods  produce  a  conpt. 
eye,  whilst  further  in  the  actual  ucluils  of  structure  tit 
oom{>»uti<l   eye,  I imulus  it  altogether  unlike  the   CnuiaM. 
The  n-iiemblaiicc:  of  the  compotind  eyes  in  the  two  cwa  b  i 
0uj>rrGcial  one,  due  to  homoplasy.' 

Tiie  (bird  agn>«meut  is  ofn  purel*   n^ative   ohanwt«- 
Limuluti  iind  the  Cruslaccn  tnny  hnre  independently  lost  lb 
Malpighiiui   tubules  which  were  perbnpK  possessed    by  tb 
MTlirat  aiiovMral  Arthropod* ;  or,  on  the  other  b«nil,  ihrm 
organs  may  have  developed  for  tbe  first  time  in  the  tBrmtnt 
Arachnidn,  and  have  been  derived  from    thetn    by  the 
Artbropodn  which  possess  tbem  (IiexatN>da,  Myrinpods^; 
again,  the  lati«T  may  have  aW  dcTe)u{wd  eui^h    orgao* 
noro.     Ill  any  case  their  abaenco  from  Limulus  is  no  imdRnv 
of  affinity  to  Cmnlacea.     It  i«  to  be  noted  tliat   the  smsHer 
terreBtrial  Araebuida  are  also  devoid  of  tbew^  organs. 

It  will  now  be  rouvenienl  brieily  to  point  out  and  critical 
Eonie  of  the  views  whieh  have  reeenlly  been  cxprrssed  aa 
tbe  nffiniiie«  of  Limulus. 

Dohrn  (1),  in  1871,  vliilit  pointing  out  at  some  Imuti 
thn  affiniliea  of  Limnlus  and  the  Eiiiypltuinn,  ori^nall 
sujtgeated  hy  MacCoy  and  placed  on  a  firm  hasia  by  Uali 
and  also  whilst  detn one tra ting  some  of  the  relaiionshiui  < 
the  larvK  of  Ltmulus  to  Trilobitea,  uTopoees  to  unite  tncs 
ffliins  in  onr  (;tniip— Giganloslraka  (n  Damp  oriti;iuiilly  pro-^ 
posed  by  Havokcl  for  tbe  Burypteiina  hIoim),  and  to  pUoafl 
this  group  near  the  Crustacea,  not  nhMlultdy  within  thal^ 
clasB. 

Although  I>obm  cites  tbe  views  of  Stmua  Durkhnim,  he 
does  not  support  thetn,  and  definitely  slates  ihal  we  arc  not 
in  a  posiliott  to  say  what  may  he  tbe  ralatiooships  of  Giga 
in«traka  to  Araobnida. 

Dohni  hobis  that  the  first  pair  of  appisiidages  of  l.,iniulaa, 
ihflUgh  not  the  second,  is  innervated  from  the  cm  ■'-  -i  _r^n- 
glion,  but  beia  free  frotn  the  enonenus  caoccptiiirj  .*(. 

aiinl  npine  of  Limalus  ns  representinf^  a  series  oi   f,<  , 
At  thi'  Himr  tinn-  bn   fniW    to  be  "Iniek    "iiti    (hi 
idtntiiv   r 
which  111  I 

<  Sfs'AntMltiudUsc.  (irTlal-IIi»t.,'JuI;.  1^70,'kntJiuuacCr* 
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togvthcr,  On  the  one  hnnil,  «re  compitrixl  with  Scorjiio,  on  thn 
other. 

Cl&iie(l4),  08  Ute  as  1881,  atloplti  exactly  Dohrn's  view 
of  the  s^t«tnatic  position  of  Limulus.  He  accepts  the 
group  OigaiitoelTaka  (including  MerostomaU  and  Xtpho- 
flurn),  nmt  places  it  ae  a  dinsion  of  the  class  CtuBlacra,  in 
oppocition  to  tlic  Eucru»tnceu,  consisting  of  the  grf«t  !>iib- 
c[nf«eiEntoinoxlnt(-n  iiixl  .Mulncosliacn.  Of  ihi^  reUlionithips 
ofthn  (iiganlostntka  to  Antchiiida,  Claus  »Aya  nothing. 

Owen  (7),  in  his  monograph  uii  the  King  ('nth,  discusses 
Dohru's  views  and  brings  to  the  (question  a  largo  mass  of 
anatomical  and  palsontological  fact.  Uis  conclusion  thKt 
Lirnulus  exemplifies  "  tlint  lovter  condition  of  Ihv  Crustiicvs 
which  has  heon  rxprwscd  by  Ihc  term  Entomoslraon,"  i« 
vitiated  hj  the  fact  that  iilthongh  one  of  thi-  fiisl  to  recog- 
nise that  the  "  t^hilaria  "  arc  ftcriial  chtmenls  anil  not  appea- 
dages,  he  yet  seeks  for  the  representatives  of  missing  hodjr 
segments  lu  the  |>o«lanal  spine,  and,  above  all,  it  is  fnUifipd 
by  his  adhesion  to  the  opinion  of  Van  der  Uovvcu,  that 
two  i>«irs  of  (ippcudnf'es  are  innervated  from  the  cerebral 
ganglion.     That  no  av]-  ■■■    ate  so  innervated    is  »nw 

dctnonst rated  by  the  ili  uf  A.  Milmr-Edwaids  which 

I  have  eunlinued  .\Li'>iri!iti),'l),  Professor  Owen  would  now 
probably  be  amongst  the  first  to  admit  the  affinitiL-s  of 
LimuIuK  wiih  the  Araehnida,  sini*  he  obsen-es:  "If  U 
were  a  fact  that  fa  Limulus  only  the  foremost  pjiir  of  litnbs 
was  innervated  from  the  superoraophaceal  (ganglion,  tht;  test 
dttTiviiig  their  nerved  from  the  iibdommal  gani^lionic  chain, 
the  advocate  foi  its  eliminittlon  frotn  the  Oiii^laceo'is  class 
would  have  an  argument  of  wtight  for  the  affinity  of  Limulus 
and  its  extinct  nllips  with  the  Scotpiou  and  tlu-  Spider." 

Tluxley  (16),  who  has  at  various  times  approactivd  tho 
question  nf  the  affinities  of  Limulu!^,  hold»  that  it  has 
relationships,  on  the  one  hand,  through  the  Kuryptenna  to 
the  ('upepod  Oruataceaus,  und  on  the  otlier  hand,  to  the 
Phjllo)H>tta  through  the  Trilobilea,  and  again  independently 
to  the  Scorjtion.  At  the  f-umo  time  he  dctinitnly  places  it 
in  thr  class  Cnistuna  in  the  ordor  Mero«ti>niata,  toticelher 
wilh  Kiiry|iieriita  and  the  TrilohiteK.  Presumably  this 
implies  that  Limulus  is  a  nearly  related  representative  of  an 
ancestral  form  which  gave  rise  to  the  C'opopods  as  one 
branrh,  to  the  Trilubites  and  Pliyllopoila  as  another,  and  to 
lb"  Arnrhniila  as  »  tliird. 

\Vi'  fiir  the  raomirni  tin*  possibiliiy  of  any 

cliini  '  ru  the   Ph}ll(ipi>da  ami  Trilohites,  I 

may  remark  that  tbo  connection  of  Limulus  and  the  Eury- 
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pterina  wiib  the  Cop^poda  nppeare  to  mc  to  hare  only  list 
i-iipport  of  a  cvTlaio  resemblance  of  general  form  lo  Ju 
fttvuiir,  such  rcsvmliUiice  of  geoeial  forin  \mng  otic  Trfaich 
frequvutly  recim  in  the  Arthropod  series,  and  has  the  aisni* 
ficance  merely  of  a  homoplastic  a^eement,  t.^.  is  a  Tike 
moulding  of  readily  modifiable  parts  brought  about  quite 
independent ty  in  the  ciu«»  compared  by  the  operation  of  like 
adaptive  c»ii»i».  Oilier  examples  in  lelaiiun  to  the  Eurj> 
ptviina  have  been  previously  cited  by  Profetaor  Huxley 
(*  Licctures  on  Mat.  JlisU,'  1857),  e.^.  the  Cumacea  and  the 
Zoea  of  some  Decapods.  I  cannot  find,  on  comporiag  a 
Copepod,  on  the  one  hand,  with  the  full  orgaatsation,  on 
the  other,  cxpres«t-d  by  n  combination  of  the  chiirRcters  of 
Limiiliis  and  the  Kurypterina,  any  {Mints  which  appear  lo 
m«  indicative  of  close  affinity ;  the  agreements  are  such  as 
either  are  common  to  the  majority   of  Arthropods  or  are 

Xemente  of  general  form,  of  n  nature  similar  to  tliosc 
:h  exist  Ixttwcen  the  macruroua  Aruclinida  and  the 
macruroue  Decapod  C'ruslacca.  Such  aKreements  as  exact 
coincidence  in  the  position  of  the  genital  apertures,  in  the 
number,  form,  and  grouping  of  the  appendages,  iu  the  dis* 
position  of  the  cyc«,  iu  the  ilerclopnicnt  of  siemal  plates, 
und  over  and  above  the  inilividual  agn-vmcnls  such  intimate 
connection  ns  is  imptieil  by  the  mnltiphcd  sigiiificance  of 
this  combined  occurrence  of  two,  three,  or  more  of  these 
agreements,  cannot  be  established  as  between  the  Copopoda 
and  Liniulus. 

Between  Eurypterina and  such  Copepoda  as  Cyclops,  therv 
is  a  general  resvmblanoe  of  the  form  of  body.  Vt'e  find  a 
broad  carapace  covering  segments  bearing  G?u  pnira  of 
limbs,  followed  by  a  tapering  series  of  segments,  of  which 
the  anterior  carry  limos,  and  may  be  distinguished  as  a 
separate  region  from  those  which  follow.  But  whilst  tbv 
Copcjiud  body  terminates  in  a  characteristic  furca)  postanal 

Krocess,  the  Eurypterina  present,  like  the  Scorpion  and 
Ling  Crab,  a  single  spine  or  plate.  The  number  of  seg- 
ments  succeeding  the  carapncc  in  the  Copepoda  is  at  most 
ten  ;  in  (lie  Kuryplerina  it  is,  as  in  the  Scorpion,  twelve. 
Most  significant  is  the  position  of  the  genital  apertures, 
which  in  Limulus  (and  presumably  in  the  Eurypterina)  is 
placed  on  the  first  segment  succeeding  the  six-segmented 
"•rapacc,  whilst  in  the  Copcpods  the  whole  series  of  five 
Kgment*,  hearing  swimming  fi-vt  (which  would  be  compared 
to  the  lamelligerousfeet  of  Limulus),  intervene  between  the 
carapace  and  the  genital  segment.  In  structure  and  posi- 
tion the  eyes  on  the  carapace  of  Copepods  have  do  resem- 


I 


LIUULU*  AM  ARACnNin. 


ess 


blance  to  the  central  and  Ulcrsl  cjrn  of  Ltniulus,  th« 
HurypienDii,  aud  t)i«  Scorpion*. 

WhcD  n-c  cxnmine  lli«  iippendajte*,  one  ilriking  rrsem- 
blnticc  LN  »e<!n  )>t.-tiv«<!ii  lh«  mnles  or  somo  frec^liviiig  Cope- 
pods,  on  tlie  one  hand,  and  Liinulus  and  PletygotuS)  on  the 
otlicr.  The  firsl  pair  of  uppemfogra  is  in  these  forma  pre* 
hensile.  Ho  oth^r  Ailhro]>ods  L'xccpt  Arachnidit  have 
such  a  fonn  of  the  firt^t  iip[wiitla^.  Hut  many  Euryptcrina 
have  noii-chclaU-  nnti-rior  appendages  (see  fig.  20),  nnd  the 
compiirisun  of  apprtidages  in  viirious  Crusiticea  shows  clearly 
that  such  a  mwlificatton  is  readily  acquired  and  readily  sup- 
prcMed.  In  one  olber  respect  some  appendages  of  some 
Copepoda  appear  to  resemble  those  of  Litnulus,  viz.  id  the 
union  of  the  basal  portions  of  llie  sirimming  feet.  Id 
Limulus,  however,  (hi*  union  ia  effected  rather  by  the 
upgrowth  of  a  inviliati  slernal  process  than  by  the  coales- 
cence of  the  baMs  i^f  the  appendages  themselves. 

In  other  tesnerts  the  appendages  of  Cooepoda  ate  quite 
unlike  those  of  Limulus  and  the  Kuiyplenua  in  form,  and 
they  do  not  agree  with  them  id  number.  Those  near  the 
mouth  have  jaw-like  coxa:,»8in  all  Crustacea,  but  they,  hare 
the  usual  Crustacean  elements  of  endopodite,  vxopodito  and 
epipodite  more  or  Ic«r  ch'srly  devRl<lpl^<l,  and  are  not  simple 
rami,  as  aru  those  of  the  Kuryplerina,  What  may  have  been 
precisvly  the  character  of  the  limbs  on  the  segments  following 
the  carapace  in  Kuryptcrina  we  do  not  know,  but  there  it 
reason  to  suppose  them  to  have  been  lamvlligcrous,  and  that  is 
their  distinguishing  feature  in  Limulnii.  No  suc^h  lamel- 
ligerouB  appendage*  are  known  in  Copepoda,  but  in  the  region 
which  might  he  eompared  tu  thrtt  carrying  the  genital 
operculum  and  the  five  lamelligerous  appendages  of  Limulus 
— were  it  not  for  the  fatal  difference  indicated  hy  the  reversed 
position  of  the  geneiativc  oritices — wc  find  four  or  6ve  pairs 
of  simple  birnmose  swimming  feet. 

In  internal  organisation  therr  is  nothing  in  the  charactera 
of  the  nervous,  digestive,  reproductive,  or  circulatory  organs 
(such  ns  »Tf  present)  of  the  Copepoda  to  sugf;est  an  alliance 
with  Limulus,  whilst  the  presence  in  the  former  of  the 
characteristic  Entomosiracous  sholbgland  marks  n  speeial 
divei^ence  between  them.  It  is  true  that  Fackarcl  hait 
assimilated  a  brick-retl  coloured  structure  occurring  at  the 
hnse  of  the  oophatuthoracic  limbs  of  Limulus  lo  a  shell- 
gland,  or  to  n  renal  organ.  In  this  I  cannot  agree  with 
him.  It  is  not  evi-n  apparent,  at  present,  that  tht«  hriek- 
red  organ,  which  I  have  examined,  is  of  a  glandular  iiaturg 
«t  all. 
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Ill  tuB '  Manual  of  the  Anntoaiy  of  Invetlebrale  Animftb ' 
I'rofessor  Huxley  bu  Tccogniinl  ihe  pouitHlitj-  of  the  reU- 
lionship  of  Liiniilui  to  Scoriiio  mB  well  as  to  Copepoila,  and 
hiut  aIko  tnvlituleil  a  compunsoa  between  the  app^'iidagea  of 
LimuluH  aikI  thoee  of  tbe  Podojiblhaltnous  CruMlacea. 

He  oou&iderB  odIj  one  pair  of  app^-ndngc*  of  Limulua  to 
be  innervated  from  the  cervbral  giin^liou,  and  regards  tbf 
cbiUria  m  the  St-vemh  pnir  of  apiMUiiaffeB,  whilst  lie  asao- 
ciateK  the  genital  oneicultiin  (bi»  eighth  pair  of  appcndaj^J 
with  tbe  cephaloihoracic  carapace  !o»t('>*d  of  wich  the 
abdomiual  carapace.  In  these  reapecta  n-vcnt  iiivi-«ti^tious 
have  necessitated  a  change  of  view  (as  I  have  explained  ■( 
somo  length  above),  ami  nrcmtlingljr  the  coniparisous  based 
upon  the  earlier  view  of  the  facts  are  erroneous.  Thns, 
HiixlL'y  identifies  the  6rHt  pair  of  appendages  of  I.imalu* 
with  Ihe  antennulee  of  jUtacns,  anil  rcynrds  it  a*  absent  in 
Scorpio.  The  second  pair  he  idenlilies  with  the  aulennie  of 
Actacua  and  with  tbe  chclicerii;  of  Scorpio,  tbe  third  pair 
with  the  mandible»  of  A)itacu»  and  with  the  great  chela?  of 
Scorpio,  the  fourth  and  fifth  with  the  two  pairs  of  inaxilUe 
of  Astacus  and  with  the  two  first  walking  legs  of  Scorpio, 
the  siith  (the  digging  leg)  of  Limulus  with  the  nrst 
muxillipcde  of  Astacus  nud  the  third  walking  leg  of  Scorpio- 
The  chilaria  or  tiKtathorncic  stertiites,  nlitcn  are  considered 
In  Huxley  a«  the  oevcnth  pair  of  appcnilages,  he  tdentiflecj 
niili  the  second  niaxiUipedi-s  uf  .\tlacus  anil  with  the  fourth] 
walking  leg  of  tbe  Scorpion,  whiUt  the  genital  operculum  is  | 
identified  with  the  third  pair  of  inaxillipedes  of  Astacus  and! 
»vith  ihc  genital  operculum  of  Scorpio. 

The  comparison  of  Limulus  with  the  Podophlhalroons 
Cruilacenn  appi-ani  to  me  one  which,  in  renllty,  it  is  not 
pofe»ibh:  to  carry  out  so  as  to  c«ublish  any  identities,  or 
plausible  iMints  of  contact,  t^vcn  when  we  reckon  the 
a  .i,:i...:.  I  gj  appendages  we  find  divergence  and  difference 


"  chilnria ' 


as  the  renult  of  the  comparison ;  but  when  these  aru  removed 
from  the  series  there  \s  an  absolute  want  of  anv  relation  in  ^B 
the  grouping  of  the  apjicndagcs  compared.     Not  so  with  " 
tbe  Scorpion.     Professor  Huxley,  in  conieqiionce  of  his  view       i 
as  to  the  nature  of  the  chilaria,  in  obliged  to  assume  that^| 
the  cbcliceim  of  the  King  Crab  are  something  over  and  above  ^^ 
what  is  prrscnt  in  the  Scorpion,  and  thus,  eventually,  in 
counting  down  the  segments,  be  brings  the  genital  opercalum 
of  the  one  into  coincidence  with  toat  of  the  other.     But 
when  the  cbiUiia  aie  niniwrijd  from  the   seri»  offered   by 
Limulus  there  is  no  need  to  assume  an  existence  of  extra 
appendages  in  front  in  that  animiil;    the  whole  serios  io 
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the  two  antmaU  eomparail,  viz.  Liiuuliu  Had  8o»r|)io,  are 
found,  on  infi^etrtion,  i«  1>e  ii}<-iiltc.il  in  s;eii«nl  form  and 
relntiuii  from  uih^  end  of  llie  bud)  to  (he  other. 

It  i»  not  {»js»ibli^,  it  should  be  ot^crved,  to  RininiaiQ  both 
pvtiitiuus.  if  tbu  ideiitificaiton  with  ihr  jiiirtsof  th«  Scorpion 
is  inaintaintd,  then  all  asHimiUlion  of  tbv  iippcnijagw  tmi 
rogioDB  of  the  body  of  Limulux  to  tbwu  of  n  Podopkthiilinoiu 
or  of  11  Copepodoiu  CrusUvevn  iniisl  be  abandoned.  Xlicre 
is  DO  contact  whatever  h<ttwecii  Limulus  and  A&tacus  until 
N  common  ancestral  form  it>  reached  which  exhibited  in  the 
iNMt  generalised  condilion  the  scKinviitatiun  und  iippen* 
datjes  which  are  the  common  iiiht^Titititco  ofall  Arlhropoda. 

Il  uppeais  to  me  quite  impovsildc  lo  astumc  that  this 
Micesttal  form  h«d  cho  character!  of  the  Fodophihalnioua 
CrwUwea.  Such  differentiation  and  Duuietical  grouping  of 
appendage*  a*  are  •et-n  in  that  highly  developed  Cruatftccan 
ordiT  nte  of  late  ap|>earaitce,  and  nccoidingly  ouch  forma  ni 
Aalaciu  and  Ilaniarus  should  not  be  made  usu  of  ti  *t«idarila 
of  compnriHOQ  icpreMntntiiv  <>i  the  C'nmtacea,  but  less  dtffer- 
enliatiA)  examples  must  b«  sought.  On  the  other  hand, 
when  we  find  it  possible  lo  r*lublisl>  a  aeries  of  agreementa 
t)vlwe*n  a  fomi  of  doubtful  atBnitii-s,  such  at  Limulus,  and 
a  highly  diffcroutioti'd  Arlliropod^  such  a*  the  Scorpion,  the 
elotencat  of  (lie  geix-nlogical  coiinection  thereby  proved  is 
greater  in  proportion  as  the  diffenntisnion  of  the  fonii* 
Mtnpared  is  high,  and  as  tJie  numher  of  poial*  of  agreement 
are  numerous. 

The  two  authors  who  have  had  the  facto  in  reference  to 
Limulus  and  Scorpio  most  fully  before  tliem  (since  some 
of  the  more  iuiporlaiit  were  established  by  ihuir  own  ro 
«)nTohe»),aiid  yfrt  have  not  drawn  the  conclusion  from  those 
facts  to  which  it  "(Wins  to  me  that  ihoy  nctessarily  lead,  are 
M.M.  Alphonse  Kdwards  and  Dr.  A  S.  Packard.  M. 
AlphoDse  Milne-Edwards,  although  he  showed  that  the 
cerebral  ganglion  of  Limulus  was  unlike  thai  of  the  Crus- 
tacea, could  not  odtiiit  of  its  assimilation  to  th:tt  of  ihc 
Scoririon,  not  Iwing  acfiuatnte'l,  a(»pnn)iilly,  wilh  Metwbni- 
Voff's  ohMrrations  on  the  develo}imcnt  of  the  latter  animal; 
ami  although  he  re«uguieeB  the  similarity  of  the  perineural 
arterial  system  of  Limulua  to  iho  stuptaneural  or  "spinal" 
arterial  By8i«m  of  Scorpio,  yet  he  is  led  awny  from  the 
assimilation  of  the  two  animaU  by  holding  to  tho  strange 
notion  that  tbechilariauf  the  Kinn  Crab  placed ytM/iH/i-oi*/ 
of  it«  genital  up«rciiliiui  are  the  htimolo^ical  ci)uivaleuis  of 
the  pwtiniform  appumlages  of  the  Scorpion  placed  jutt 
bihind  its  geniul  operculum.     W.  Milne-Kdwards  places  the 
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LiuiuU  ucithor  with  the  Aracluiida  nor  with  ibe  Cruitarrj, 
but  in  a  K'Otii)  a|Mirl.  The  fact  that  lbi«  inTcstigaiut  iii>l 
iiot  mttempt  ii  complete  study  of  the  »kelelon  of  Limulu, 
nnd  II  roniparisoii  of  thitt  nnd  other  oignns  with  the  com* 
IioiiiUng  |mrl8  of  the  Arnchnidn,  KMryjUttrinn,  itiid  Crustam, 
sufficiniilly  explnins  the  coiicltioiun  at  which  he  arriroi 
He  coiifeBsedly  made  uBv  of  but  few  dxta,  and  those  such  u 
he  hitHEelf  trroiigbt  to  light  in  the  cnsc  of  Limulus.  Tbi 
Tntue  of  bis  contributions  to  our  knowWdge  of  the  nu- 
triniicsl'  Ktructure  of  the  Kin){  Crnb  arc  not  iu  anj  wtj 
<limitii>bi-(l  by  the  vulneiabilily  of  the  conclusion  whuHi  he 
bii&Hl  upon  Ibom. 

^^'^lh  reg«rd  lo  thi^  cinieUiaioiis  of  !)r.  A.  S.  Pack. 
is  difficult  lo  avoid  an  fxpresnoii  of  surprise.  Wb  u-^  . 
Or.  I'nckanl  the  important  observation  of  the  late  appekr- 
ance  of  Ibe  chilaria,  nnd  other  ohserrations  as  to  the  Mf- 
nipntalion  of  tbi<  telsonic  rcpoii  in  the  young  LimulBt,  aai 
Ihc  primitive  eonncf'lion  of  iboK*'"'*"'"!*^^*''*!"'"  with  iho**- 
callt-d  nbdomeii  ralbcr  than  with  ihe  cephittuiburax.  He  kai 
|ttiihably  seen  more  of  young  and  old  King  Crabs  than  ny 
other  natnralisi,  and  yi't,  writing  in  IdSO  (No.  0),  with  aS 
the  liternturc  before  him,  with  all  the  facts  under  hia  haafc 
he  still  maintains  that  tlic  Limult  arc  Crustacea, 
the  aphorixtic  stalnmente  of  Vnn  IJenmlen  to  tbe 
tbi'T  are  .\rachiiida  and  rejects  them.  Dr.  Paekmnl  an 
adopts  from  Dobrn  the  group  ofGigRnlostnca  as  Clans  I 
done,  and  as  Grgrnbaur  has  -lone  -,  hut  whilal  QMBob^v 
u»e«  fur  it  the  old  i<-mi  Pccrilopoda,  Packard  Unnb  « 
neCCKsarjr  to  bestow  upon  it  thr  new  mmt  Palomcarid^ 

.\u  examination  of  Dr.  Packard's  laleai  meK»air  ■■ 
Limulm  will,  I  think,  show  that  be  dinga  to  tbc  ^n^ 
that  Lhnutas  is  a  Crustacean,  and  ia  attsfale  iBpexvriw  »Wt 
it*  true  idacT  U  amonir  Aracbnida,  because  m 
ci'rtain  i-rron^uns  pirmnrrptions  as  to  thr  Tatue 
*uioUf  parls  nf  an  arthivpod  body  a*  indiralive  of 
aftuty.  A  iv«pivaio*]r  appmdage,  howewr,  t 
iln>ctwTc  In  aiiV*"^"?  ••»o  to  CniitMea,  ia,  if  it 
bfanriua,  to  ht  :pd  a*  **  of  tbe  Cmi 

Kcordii^  to  Dr.  >  <rt.*Ttl.     This  i>  a  oaipla 
tagieal  ia»««n««.      It  is  crae   tlkU  amy 
Kb  '    '  ~  lia^re*,  bat  it  doa*  aot  Mlow  a»  •  i 
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arlluopod  >tructuT<:,  insirjuj  of  being  »»  they  arc  dt'ScnptiTe 
terms  devoid  of  homolo^tcal  Hignificancir.  Kcally  nlint  Dr. 
Packaid  lias  to  deal  with  is  a  series  of  segmt^nhi  and  a 
series  of  appendages,  and  he  cna  onlv  compaie  those  of  on« 
Atiimal  with  ihtMe  of  another  by  taking  them  in  numencal 
SC(|li<.'n('i;.  \VhvD  an  author  alloTCs  himself  lo  set  up  such 
inlaiigihle  ciiieria  a«  are  involved  in  Dr.  Pnckaril')!  distinc- 
tion bftwe«ii  "true"  aud  "  falM "  antcnnie,  he  ckatly 
opens  the  nay  to  any  conclusion  he  roar  fancy,  and  may 
colour  a  picture  t»  he  may  choose  by  the  use  of  these 
epithets. 

Dr.  Farkanl's  rstimato  of  the  significance  and  import  of 
[iM-is  iu  the  attempt  to  detvrminv  the  affinilies  oni^  vrich 
another  of  various  Atihropotls,  is,  il  seems  (o  me,  fallacious, 
oviiag  lo  the  fact  that  it  is  based  upon  an  old-fashioned 
morphology.  Though  he  makes  use  of  the  phraseoloj^y  of 
the  doctrine  of  evolution,  and  constructs  genealogical  trct'8> 
he  has  "  the  doctriue  of  types  "  at  hejirt,  and  meets  n  matter 
of  fact  question  iu  morphology  by  the  use  of  such  phraaos 
as  the  "  crusiaceau  lype,"  the  "  tracheate  typd,"  and  thfl 
"  hexnpodouB  iy)>e."  With  such  phrases  no  critic  can  [los- 
sihly  deal,  for  no  one  can  say  what  Dr.  Packard  means  by 
these  *'  types."  We  are  told  by  him  that  the  Arachnids 
hare  thrir  mandiblrs  and  maxillie  "on  hexapodous  type," 
whilst  the  Metostomata  (Liiiiulus)  have  "only  their  mor- 
phological equiTalcnIs  ((>nathD)Kids)."  This  is  meant  to 
appear  as  though  a  wide  divergence  heiwei-n  the  Scorpion 
nnu  King  Crab  were  being  iu  so  many  wonls  e«tabtislied, 
and  to  Dr.  Puckard  «u  it  may  realty  ap|>ear.  To  me  it 
st-ems  that  in  ihi-  statement  quoted,  phrases  of  doubtful 
meaning  are  being  used  in  such  a  way  as  to  vaguely  assert 
^thu  opposite  of  one  of  the  most  obvious  facts,  iiameiy,  that 
Bihv  fir«i  and  second  pairs  of  appendages  of  a  King  Crab  are 
^BA|tm<ire  like  the  first  and  second  pairs  of  appendages  of  a 
^^^Prpion  than  th(»e  of  cither  are  like  tho  mandibles  and 
the  maxills  of  hcxuixxl  insects. 

Dr.  Packaid  summarises  his  views  as  to  Limulus  and  iho 
t'rusiucea  thus:  "The  facts  that  seem  to  us  to  point  to  the 
('rustacenn  nature  of  Limulus  and  its  allies  are:  (1)  the 
uaiure  of  ihe  branchiio,  those  of  Limulus  being  developed  in 
numeroiii^  plates  overlapping  each  other  on  the  second  ah', 
doniiiial  limbs;  those  of  ihe  Euryptcn'da  being,  according ' 
to  II.  Woodward,  atiaclied  side  by  siiit-,  liku  the  teeth  of  a 
rake ;  while  the  mo<le  of  respiration  is  truly  Crustacean  ■ 
(2)  the  resemblance  of  the  cephalothorax  of  Limulus  to  that 
(3)  ihu  general  teieniblance  Qf  the  g;nathopods  to 
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the  fret  of  theNaupIiuflOr  larraof  Cirripeilin  nod  (_'opapn 
(4)  the  cligcsrive  tract  is  homolo)^u3  tbrnu^liutic  wilhtbit] 
CrueUcea,  particularly  the  Decanoda,  there  btrin^  no  nrinin 
liibcs,  US  iu  Trnchcftta;  (5)  the  neart  is  on  the  CrusUem 
tyi>c  u  much  as  on  the  Trachpafc  type,  sod  the  Infmnl 
r«|)ro<lnctivv  Organ)  (ovaric*  and  (««(«»)  opt-n  ifxt(<rniiny,  ■! 
the  hafe  of  and  in  the  limbs,  much  as  in  Crustacea." 

To  this  series  of  staleuienta  I  ivouhl  rejilv  ciiteRoricalit— 
(11  the  "nature  of  thf  branchiae"  ia  «»/ sucli  tus  is  foiinJ  ia 
any  Criutai-ean,  but  in  only  paralleled  in  the  Imnclligcnn 
appendiiers  of  Aruchnid.t.  O[hor  auimals  have  braocbtB 
bcndcf  Cntstacca.  The  mode  of  ri<«pirAtion  is  neithprlml] 
nor  fiiiscly  Cruatantan,  but  i«  simply  'branchial.*  _ 

(2)  Thi>  ccj)ha1olhorax  of  Limulua  does  not  resemble 
of  ApuB,  but  differs  from  it  as  much  as  it  iIcnts  from 
Arthropodoua  cephalothuiax,  as,  lor  example,  in   the  o* 
lapping  of  ptwterior  segment*  by  the  free  posterior  marj^in 
oftnu  carnpaoe  of  Apus  ;  in  tfac  exc&ralion  of   the  carap    " 
in  Aput  by  Ihu  tthell-|;lands ;  in  the  widely  different  pa$Tt 
of  (he  first  and  second  [>air  of  appendages  in  rolntion 
cephalothoracic  tnat^iii ;  in  Ihi-  total  difference  of  th*^ 
and,  above  all,  in  the  totally  different  forta,  number/' 
arrangement  of  (he  gnathitea. 

(9)  The   gnathopods  hare   no   "general  reBettiblaoci- 
the  feet  of  the  Nauplius"   which  calls  for  remarlc.     Tbi 
have  a  general  resemblance  to  the  feet  of  liny  Arthrof 
but  lf»g  to  the  feel  of  the  Nanplius  than  to  many  other  rarij 
ties  of  Arthropod  feel,  owing  to  the  fact  that  the  former 
biramo««,  non-eh<'late,  natatory,  and  feebly  chitintKed,  whie 
thoM  of  LimtituH  ari;  not. 

(4)  The  digestive  tract  is  hotiiologoiis  throughout,  not  un 
with  that  of  Crustacea,  hut  with  that  of  ail  other   Artbi 
pods,     ilow  Dr.  Packard  can  suppose  that  tt  is  homologoc 
particularly  with  thai  of  Itccupodu,  1  am  unable  \o  i-uc 
nend,  unless  he  proposed  to  himself,  when  wrilinK  thti^ 
sage,  to  associate  I.imulus  genealogically  in  a  ^;i>  lint  hrati^ 
with  thy  Decapoda.     Uulwn    thia  ts  the  casi.'  Or,  I'acki 
make*    use  of  the    word    'homologous'    with  *  meaniit 
which  ts  uDUBUal  and  unknown  to  nic. 

(fi)  'fhat  "  the  heart  is  on  the  Critstacean  type  an  muc 
M  on  the  Tiachcnte  type"    I  will    not  dispute,  fur   1  do 
ft?cl  sure  that  1  know   whit   i)r.  pHckunl  mouuB,  and 
appears  to  take  up  u  iii'mItkI  iiltilude,  in  ri'^nnl  tu  thi;  { 
at  any  rale.      I  will,  iinwcver,  remark    (hal,   I'liFltin^ 
■ide,  there  15  no  heart  of  a  Crmlaevan  which  It 

iMfls  the    King   Cruh's   us  dnna    that  of    il>i    .x 
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Scorpion,  and  th«T€  is  no  heart  which  bo  closely  reaetnblea 
the  Boorpioo's  ax  (lo<:it  tlisl  of  the  King  Crab. 

That  the  inu-rnal  re prwl active  orgnns  should  open  ex- 
terimllj-  in  the  neinhbouchood  of  limb*  is  certainly  not  a 
peculiarity  of  Crualaoe*.  The  rcktion  of  the  openings  to 
limb*  16  not  '  much  «»  in  Crustacea,'  but  quite  unlike  aiijr- 
thiug  seen  in  Cnutavva.  In  no  Crustacean  does  a  pair 
of  limbs  in  front  of  the  genital  apertures  unite  to  Ktrai 
with  a  mi-diaii  lobe  carrying  those  apertnic-s — n  broad  pintf, 
IM  in  the  King  Crah,  A  genitnl  Diificdinrn  of  thin  nature 
i*  foutiil  only  in  the  King  Crnb,  tbo  Euryplerina,  and  the 
Scorpion. 

The  extreme  anterior  ]>Mition  of  the  generaiir<!  apertures 
has  no  parallel  among  Crustacea  nor  among  ArthTO|)od9, 
excepting  the  Arachuida,  where  it  is  identical  in  position. 
Even  tho  chilugiialliuus  Mvriapodsdo  not  exhibit  so  forward 
a  [KMitiou  of  llie  geuital  onticee. 


E.  CoKctjisroN  ;  LiMrLtts  akd  tur  Ancestry  ob 
Traciikatr  Artiiropoua. 

The  naturi!  and  degree  of  intimacy  of  the  relationship 
between  Liinulus  and  the  Soorpion — which  is  indicated  by 
the  facts  and  arguments  set  forth  in  the  preceding  essay- 
have  vet  to  be  coosidcrvd.  It  is  one  thing  to  eatebUsh  the 
fact  that  A  closer  relationship  obtains  between  Limidus  and 
Scorpio  than  between  Limulus  and  any  Crusuiceanf  and 
anottiDr  thing  to  estimate  more  precisely  the  affinity  between 
the  two  animals. 

A  brief  cousideratioa  of  the  facts  ia  sufficient  to  thnw  that 
the  points  iu  which  Liinulus  agrees  with  Bcorpio  and  Mygale 
include  thoae  structural  features  on  which  we  have  to  rely 
in  attempting  to  characterise  the  class  Arachnida.  At  the 
Kuud  time  il  must  b«  admitted  that  all  attempts  at  liuiiiing 
classiiicaiary  groups  by  simple  deliiiiiion  are  hopeless,  pro- 
vidiNl  that  the  gruups  are  inteuded  to  express  degrees  of 
ical  affinity,  and  not  merely  arbitrary  categories, 
i  _  I  tber  by  more  or  less  obvious  class  macks.     The  real 

quesiiiiti  which  we  have  to  ailempt  to  answer,  id  assigning 
Limulua  and  the  .Arachnida  thvir  place  in  a  genealugicalcUa- 
sifiealion  of  the  ArtUropoda  is  not,  "  How  may  group«  be  de- 
fined  which  shall  give  due  expression    to   the    structural. 
likcnu»*FS Bud  uulikeui'ssei^of  ibeBefotius.'"  but,  "  Hun  mef  J 
•J  ■  B»  lo  exhibit  the  pinhablc   history  of 

i       i  in  relation  to  these  forms/"     Owing 
Iu  the  uocurrsuee  of  degoaeration,  and  lo  the  supfnession  in 
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somo  form*  of  mnictural  features  wIikIi  ware  the  ilisthi- 
(juiEhiii^vHarftrUrislics  of  their  iminertbit!  ancestry,  xtq  fist 
tluit  frequently  genealogical  groups  do  not  admit  of  tirict 
Jefinittoit  in  terms  of  stnicture.  Anil,  further,  we  (iit)]  ilui, 
even  in  order  to  arrive  Qt  »  clear  notion  with  regard  t«  tin 
reltitioi)ship«  of  n  limited  portion  of  a  large  (jroup — Auch* 
portion  iut  iirr  Aiacliiiida  in  regard  to  the  Arthropoda — itii 
npccstiary  to  consider  the  genealogy  of  the  wnole  seriH 
included  in  the  larger  group. 

The  Arihropodft  form  a  very  large  branch  of  a  grat 
phylum  tu  which  I  have  applied  the  name  '  Appendiculata*— 
coclomnto  nniniai«  with  more  or  less  iltsiinci  metanif^ric  wg- 
nenlalion  of  the  hody  and  poasessird  of  Interal  loboa  oi 
procevBU  of  the  hody  itself  which  wrve  primarily  aa  loeo- 
motor  organs.  Iksides  the  Arlhropoda  the  phylum  ApueiK 
diculata  includes  the  Roiifera  and  the  Chfctopodn.  Kaeh 
of  these  three  great  branche*  of  the  Appendiculatu  has  iu 
special  developments,  but  it  seems  to  be  prub<ible  ihiit  they 
ail  started  from  a  common  ancestry  which  had  chMmcten 
inti^rmediate  to  those  of  such  a  Rotifer  ait  IVdalioii  and  of 
such  a  Chictopod  a*  Syllic.  Probably  the  Arthropotia  wvn 
developed  from  an  anct^stry  rMCinbling  (he  ('haetupoda,  but 
devoid  of  the  ohiets  carried  by  the  appendages  of  tbr 
latter. 

The  distinguishing  motive  of  the  development  of  the 
Arthropod  branch  of  the  Appondicolatn  is  the  udnptation  o( 
one  or  more  pairs  of  the  appendages  proper  to  thi;  segmcnUi 
succeeding  the  mouth,  to  tlie  purpose*  of  the  pn-hcnsioti  awl 
mastication  of  fo»d.  Heitce  it  would  he  well  tu  .tubstitute 
the  term  Gnathopoda  for  Arthropods.  .All  Arlhropoda  are 
not  arthropodoua,  that  is  to  say,  do  not  exhibit  a  jointing  of 
the  exo-skeicton  of  the  appendngi-a.  Peripklus  though  truly 
a  Goathopod  is  not  an  ArthTOpo4l  or  ContlylopiKl.  The  dta- 
nppeaniiier  of  Kuch  jointing  in  conRcclion  with  a  softening 
of  the  integument  and  a  •cavciiger  mode  of  lift-  amongst 
rotlL-u  wood,  is  one  of  those  changes  which  it  is  probable 
might  occur  as  an  sdantation,  and  accordingly  it  is  very 
doubtful  whether  we  shouhl  regard  the  noii-arihrnpodoui 
condition  of  Peripatua  as  a  retention  by  it  of  tht-  eoft-liudied 
character  pro)>er  to  the  Cha;topod-like  ancestry  'of  tba 
Arthri>|>odR. 

The  slrur-tureofita  eye,  the  presence  of  two  Inieral  imtvp- 
ciinlft  in  pl.ice  of  a  double  vpntral  coni,  the  li;  ,:_• 

jaw. feet  to  a  single  pair,  the  eiisteuce  of  ni  nt 

in  each  segincnl  of  the  IkmIv.  the  peculiar  hie: 
lOTu  of  the  mntcular  tisane, acvm  Iv  toe  to   ;-    <.....,  .u<r,v« 
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evi(Irnr«  in  favour  of  the  view  that  Pcripntus  is  a  ropre* 
xeiil-itivc  of  Bu  exceedingly  priiiiitivi;  gnidc  of  Arthropod 
lievclopmciil,  corrc«iwiidiii^  to  a  period  when  the  Artliiopod 
bTuich  bad  Advanced  but  little  on  its  epecial  liiiv»  of  diSer- 
entiativn. 

At  the  same  lime  Peripa(ti«  in  spocUlised  and  adapted  (o 
a  t«treslml  mode  of  life.  It  podsesses  no  remnants  ofbraii- 
chinl  organs  but  a  peculiar  tracheal  syatcm,  air  beingadtuiltcd 
to  the  fine  vessels  formed  by  its  vasifactive  listiiie  through 
irregularly  scattered  gland-like  pits  of  the  integiimeut. 

Its  speciitlisalion  a«  a  terre>tical  organism  has,  it  is  im- 
puuible  to  doubt,  aflected  in  I'eripatut  the  locomotor  apjwn- 
dages  also,  so  that  much  important  infurmalion  Is  wanting 
to  us,  which,  on  the  contrary,  an  aquatic  form  belonging  to 
the  phase  of  development  indicated  by  the  eyiMi,  nerve-cords, 
nephridia,  and  gmithiles  of  Pcripatus.  could  have  furnished. 

It  appears  to  me  that  we  have  no  such  aquatic  represen- 
tative form,  aud  that  Feripatus  stand*  as  a  snecialised  tcr- 
revtrioil  oET-slioot  at  a  much  lower  |)oint  in  tne  Arthropod 
family-tree  than  that  at  which  we  find  outgrowths  of  exist- 
ing branchiate  Artbropoda. 

The  aiitcunffiof  Penpiilus  probably  are  identical  with  the 
similar  organs  of  Chaatupoda  (ef.  Spio  aud  Phyllochteto- 
pierus),  and  arc  not  oH^nally  ]>ost-oral  appeiidnges  which 
have  become  praxiral  by  adaptalional  shifting  of  the  oral  apcr- 
tnre,  but  are  actual  lol>es  or  processes  of  the  primitive  prosto- 
tnium,  like  tlie  tentacles  on  the  head  of  a  snnil,  and  inner- 
\nte<l  liy  the  archicerebrum  or  original   prosiomiiil  ganglion. 

[n  the  interval  between  the  giving  off  of  Pcripatus  and 
the  production  of  thr  Phy!Io|ioil-likc  ancestors  of  the  Crus- 
tacea from  the  aquatic  Pro-Arthiojioda,  u  vast  change  had 
to  be  effected  in  regard  to  appenilagns  as  well  as  in  the 
fusing  uf  the  nerve-cords,  abolition  of  nephridia,  produc- 
tion of  a  compound  eye,  striation  of  muscular  tissue,  &c. 
The  prostomifll  anlennii:  di«at'P<'*">J  (tnd  their  placo  was 
tiiken  first  by  one,  then  by  two  [Wiirs  of  post-oral  appendages, 
which  gradually  ncipiircd  a  pne-oral  position  as  actually 
occnrs  in   their  iadiviilual   growth   in  the   embryo  at  the 

itresent  day;  eventually  the  simple  proslomial  ganglion 
nrchi cerebrum)  became  complicated  by  the  fusion  with  It 
Fof  gangliimio  material  pro|K-r  to  the  two  shifting  appcn- 
[-(lagcs,  though  in  the  cxivting  Pbyllopvd  Apos  it  Still  retains 
'its  original  purity  and  inili-pendence. 

The  other  appemlage^  probably  al)  acquired  at  one  stsg« 
a  development  of  their  basal  portion  which  served  as  an 
accessory  organ  for  the  purpose  of   brining   food   to  the 
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moutb  and  in  tome  di^iee  in  cnt»)iing  8Uo)i   f"  ^a 

in  Apiu),  but  thU  d(ivvlgj>tncnl  wu  s)>ec)ally    i u> 

mid  localised  i»  two  pain  of  ajiiHiiidagas  pgstorioi  10  tbt 
one  already  bo  differentiated  iu  I'cripatue. 

The  segments,  each  with  its  pair  of  appendages,  wtn 
indeGnice  in  number  and  frequent])-  exceeded  one  liiuidieJ. 
The  dcGnitv  CtUKtucean  charactrr  vroM  attftincd  vrhcn  twv 
pair*  of  appi-ndagen  had  Iwoome  priv-nral,  la  liinst  tbni 
pairs  siwcialited  ai  jaw*  atul  no  lutigtr  locomotor,  irhiiil 
the  remaining  appemlagea  ruUincd  loi'vmotor,  innntluuliini| 
and  respiiatoiy  functions  to  be  subieijiieutl)'  apecittliKcd  u> 
the  further  derelopment  of  ibe  Crustaceaa  stem. 

Il  appoaiis  to  me  piobnble  that  tbe  Merostomaia,  iiicluditu 
u ml vr  this  head  lhcXipho7>uia  (LimuLun),  the  Trilobitu,  and 
the  Kuryplvrina,  diverged  frum  the  main  «tum'  uf  i  Uc  Arlhrv- 
pod  pedigree  at  n  point  between  that  imdicatc-d  by  tbe  fftad* 
of  otganisatiou  of  Peri)>attis  uad  Uial  occupi^  by  th«  Prs- 
Pbyllopoda  or  earliest  Cru&taoeana. 

Pro)«bIy  nime  rf  tlie  known  Meroetonata  suffice  Ui  gin 
w  a  irui-  picture  of  the  etruciure  of  the  ancealr;''  " '  -ic- 
mala  from   which    they    arc   all   derived.     Pro''  .-«i 

ancestral  Mwrostomata  wbto  devoid  of  the  )iri»'tuuiiuj  mu- 
(ennw— the  noii-appeudicular  antenu«>.  At  the  sdme  tins 
none  of  their  po«l-oral  appciidagen  had  hvcomt:  dt-fiiiiiidy 
piONoral  in  position  and  nerve  supply,  though  nut  Ics?  aud 
probably  aot  more  than  six  pairs  of  pediform  apiHinilagv* 
were  ('lo«ely  eet  round  tlje  nioutb,  their  luices  actiii|i  a» 
powerful  nianducutory  organs.  To  thtx  gniup  of  appen- 
aogMf  uf  which  Oic  correspond itig  s^-^nuiils  vreni  morv  oi 
leu  completely  fuKcd  with  the  pruitomiuui  (formttig  the 
proaoma),  sneceedeit  a  mid-region  of  the  body  (the  nmsoaoma}, 
oonsistiug  of  numerous  segments  carrying  hiraniosp,  pco- 
bably  pediform  appendices,  the  bases  of  which  were  beMt 
with  iciipirnlury  lamellir. 

The  gentialivi!  aixTturiw  wcro  utuAte  in  the  first  or  t>tv 
of  the  anterior  se^monlv  of  tbic  mid-ntgion  of  ths  body. 
A  third  rvgiuu  tif  tlie  bud)  (ihf  mttat«ma),  also  cuii4it(ttig  of 
Dumeroua  tiegntcuta,  vas  probwUy  diktinguiahed  by  thr  funa 
and  smaller  size  of  its  appcniUgcfl  and  by  a  teiidetiey  uf  the 
segmeiUs  to  fusion.  Po^iurioTly  to  the  nnus  was  a  ncttian 
plate  or  apitu-.     Probably  the  eyes  placed  on  tha  dorsal  at|r- 

i  I  ).,.,      ..■■■-.-• 
tnsiu  1'. 

InudiCK  of  a  jgtmito^td  Int  «hall  Iw  trwtmt  m  iha  mani  fan  uf  ilu 
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face  of  the  anterior  regiou  of  the  body  were  simple  eyes, 
but  arrtuiged  in  two  kicrni  groups  and  a  central  group. 

From  euch  a  form  ibt-  Xiphosuia  were  deriTed  by  ruloti- 
tion  of  tbi^  full  Duuilxr  of  the  (ippcndages  of  the  protfomu. 
the  Itmitalioii  of  thv  K^^onls  o(  the  mcsosoma  to  «ix,  nuu 
tlicir  spocialitialion  as  plHUt-like  organs  serving  us  gi-niul 
o]>ercuhiin,  brariobiac  and  antmineretfi,  further  by  the  limi* 
lation  of  the  segmeata  of  the  melaBoina,  6raL  of  all  lo  six, 
and  thpir  subsequent  fuEion  and  partial  dtsappearaiuie  even 
from  embryonic  expression,  and  tne  atrophy  of  the  append- 
af!M  proper  to  them.  At  the  sumo  time  the  lateral  groups 
of  simple  eyes  we»  replaei-d  by  a  peculiar  form  of  com- 
pound eye. 

The  nuryplerina  diverged  from  the  Xiphoaura  after  moat 
of  these  features  had  been  elaborated,  but  so  as  to  retain  the 
six  free  segments  of  the  melasoma,  vhilat  ai  Ltie  same  time 
they  lost  one  pair  (probably  the  most  anterior)  of  the 
appeiida^rt's  of  the  proaoma,  and  poasibly  the  three  binder* 
mo«t  of  the  appendages  of  the  inesosoma. 

llie  Trilobiia  diverged  from  the  common  anecstrr  of  the 
Xiphosura  and  Kurypterina  probably  at  a  time  when  the 
number  of  six  se^eiits  to  iho  mesosoma  and  six  to  the 
metasoma  had  not  become  a  definite  limitalion,  and  when 
appendages  were  ourricd  by  botli  those  regions  of  ihc  body, 
dinering  only  Iroin  the  Ic^-llko  gnathites  of  the  pro«oraa& 
possuMiiig  a  second  ramus  and  inmvlliform  branchial  pro- 
Wtue*.  Possibly  the  compound  eye  of  the  Triluhile  was 
inherited  from  an  ancestor  common  to  it  and  the  Euryp- 
terina.  According  to  Walcot  (18),  a  vary  distinctive  feature 
in  the  differentiation  of  the  Trilobita  was  the  rwlucUon  of 
the  iiitmbcr  of  appi^ndages  of  the  prosoina  from  lis  pairs  to 
four.  Ill  all  thfse  forms  it  is  imjiorlaiit  to  note  that  the 
appendagca  of  the  prosoroa,  whether  six  pairs  in  number  or 
less,  whether  chelate,  tactile,  ambulatory,  ov  natatory,  so 
far  us  the  '  palp  '  oi  chief  ramus  is  concerned,  ysl  all,  with 
the  exception  of  the  in'>s%  niit^-rior  pair,  cionlinue  by  moans 
of  their  enlarged  buxal  joint  to  act  rnt  mamhicatory  organ*. 
As  a  set-olT  to  the  ios«  of  ihe  matidocaiuiy  funutioiia  of  their  ' 
coxs,  the  first  pair  pooaess,  with  rare  exceptions,  nipping  or 
subbing  pains. 

The  relationship  of  the  Scorpion  and  other  living  Arach- 
nida    to   the   Merustomala   appear*  to   be  this.     From  aa. 
ancestral  form,  which   was  nearly  related   (u  the  commoo^ 
i,progftnilor  nf  ih<>  Xiphosura  and  Kuryptcrina,  which 
Ifteaoed   six  pairs  of  appendagea   to  its   prosuma,  the  tersal 
united  to  fuim  a  carapace,  six  free  segments  to  its  raes 


Am 


PKOPtMOK  R.  HAY  LAXXMTU. 


uma  and  six  tree  eegmpiiU  to  its  mctasoma — th?  roe 
tlevoid  of  fipppnctiiKeii  h  in  Xipha«urm  and  Kiirypierini,  iht 
tDPsosoma  provided  witli  a  gfiiiul  operculiim  (united  ap- 
peiiilngv)']  on  iu  anterior  segment  and  wiili  five  pain  «f 
lamvlligerotis  respiratoiy  appendages  on  the  five  succoeding 
a^mcnls— from  sach  a  form  by  a  very  alifcbt  procoaa  of 
change,  consisting  in  adaplntjon  to  terreatrial  in  place  of 
aquatic  conditions,  the  primitivi'  Scorpions  were  developed. 
It  is  ptobablc  that  the  particular  form  antecedent  to  tli« 
differentiation  of  Xiphosura  and  Kurjpterina,  from  nti 
the  Scorpions  look  origin  had  not  developed  latrrnl  coi 
[tound  eyes,  but  still  exhibited  a  piimitive  condition^  whtcB 
is  retained  by  the  Scorpions  and  other  Aracbiiidn, 
lateia]  grouping  of  simple  ey«8. 

The  structural  changes  necessary  to  produce  a  Scorpi 
from  such  an  ancestral  Merostom  as  has  been  iii>t  sketched 
are  so  small  that  it  is  not  pwsible  to  place  Ine  Scorpio!!* 
and  the  Mcrostomatii  in  sepnrute  classes,  if  by  the  u»e  of  the 
division  known  as  a  'clats*  we  are  to  indicate  as  nearly  as 
possible,  in  different  parts  of  the  pedigri-e  of  nnimitU,  an 
equal  break  or  u  n  rep  rest!  n  ted  interval  of  structural  change. 
At  the  »ame  lime  the  Scorpions,  having  once  been  developed, 
appear  to  have  given  rise  to  the  whole  a^^ries  of  living  Arach- 
nids, to  the  Pedipalpi  first,  and  through  these  to 
Araneina,  nod  through  the  Aiuneina  to  the  Acarina, 

Galcodes  is   probably    a    special    development     from 
Scorpioniiia,  as  in  a  different  direction  arc  the  Optlioni 
and  rseudoscoqiioHS. 

This  conclusion,  if  it  be  well  founded,  justifies  some  ftn^ 
porlant  inferences  of  n  secondary  character.  Iu  the  first 
place  we  hnve  to  admit  u  very  extensive  process  of  degenera- 
tion in  the  course  of  di'.vel(ipm«iit,  leading  from  the  Scorpion 
to  such  Acarina  as  Deniotiex,  or  even  Hydraclmn.  In  the 
aecond  place  we  obtain  a  dehnite  answer  att  to  the  mode  of 
origin  oi  trachcic,  in  so  far,  at  least,  as  the  trachea;  of  the 
Arachnida  arc  concenicd.  The  vascular  lamclligerous 
appcndngcs  of  the  Liniuloid  aiicesler  of  the  Scorpion  became 
dry  and  filled  with  air  in  place  of  with  blood.  From  this 
blood-sinus,  converted  into  an  air-sinus,  ihe  air  appears  gra- 
dually to  have  made  its  way,  encroaching  uj>on  prc<existins 
blood-cunuls,  and  converting  them  into  nir^canal*.  The  highly 
developed  condition  of  the  blood- vafcular  system  in  the 
Scorpions  renders  it  probable  that  the  trachea:  of  the  tra- 
cheate  Arachnida  are  not  nete  vessels  specially  developed  as 
an  aiirial  vascular  »yslem,  hnt  arc  tlie  modifie<l  and  adapted 
blood -vascular  channels,  just  in  lite  same  way  as  the  air^ 
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containing  UmclIigeroUB  appendagcH  or  the  Scorpion  are  not 
new  organs,  but  the  modified  and  adapted  hlood-ronlaininf; 
Appendages  of  a  Limuloid  sncettor. 

The  reUUonship  of  tliu  groups  of  Arachnida  to  one 
another  thus  Buggcated  may  be  bpRl  indieaUtd  by  dichub  of 
a  genealogical  tTec  (see  last  page).  I  have  also  dnwn  up  the 
names  and  arrangcnicnt  of  groups  suggested  in  a  tabular  lutm. 

I  have  further  thrown  into  the  form  of  a  genealogical  tree 
the  coDClnBioiis  to  which  I  am  led  in  reference  to  the  relation' 
ship  to  one  iwother  of  Peripatus,  the  Crustacea,  and  llie 
Arschnida. 

Ill  this  pedigree  of  the  Arthro{>oda  no  place  is  assigned  to 
the  (wo  great  tracheate  grou[M  of  Iiisecta  Hexapoda  aud 
Insecia  Myriapoda.  In  the  present  state  of  knowledge  it 
appears  to  lie  impossible  to  assign  to  cither  uf  them  one  posi- 
tion rallier  than  another.  We  hare  not  even  euflicieut 
ground  for  concluding  that  they  are  closely  related  to  one 
another.  The  antennec  of  llcxupods  and  of  Myriapods  may 
be,  as  protwbly  are  those  of  Peripatus,  non-anpendicular 
prostominl  tuiteniitc,  which  would  bv,  ii>  addition  to  the 
presence  of  trachete,  a  reason  for  considering  both  to  have 
been  developed  from  such  a  form  as  Peripatus.  On  the 
other  hand,  possibly  only  the  Mjriapoda  are  derived  from 
Peripatus- like  ancevtry,  and,  probably  enough,  neither 
one  nor  the  other.  It  seems  to  be  in  the  highest  d^rec 
probable,  and  is  not  difficult  of  admi&siou,  that  there  is  no 
tucb  a  group  to  be  rccogniiiod  a$  the  Trnchciita.  Trachete 
have  probably  dcvelopcit  inde|HMi<li.-nlty  in  Peripatus  and  in 
the  lusccla,  and  again  in  the  Arachnida.  Nevertheless,  the 
view  is  capable  of  being  defended  that  all  tracheate  Arthro- 
poda  have  a  common  tracheate  ancestor ;  in  which  case  it 
will  be  Decessory  to  derive  the  Insectit,  the  Myriapods,  and, 
to  be  consistent,  Peripatus  also,  from  the  tracheate  Arach- 
ntda,  throtigji  auch  a  form  as  Galeodes.  The  dcrivalion  of 
Oaleode*  through  the  Scorpions,  from  the  branchiate  Arach- 
nida, is,  relatively  fliH.'akirig,  a  well-grounded  conclusion ; 
and  if  trachea;  are  to  have  but  one  s tar tiug- point,  it  ia  uf 
Decesaity  here  that  we  must  look  for  it. 

Insuperable  difficulties  arc,  however,  found  in  the  deriva- 
tion of  Hexapoda  from  Galeodes,  in  spite  of  curious  homo- 
plastic agnenmts  between  the  two.  Such  a  difficulty  is 
the  absence  of  appendages  corresponding  to  the  antennte  of 
Insects  in  Oaleoaea,  ana  in  the  whole  lino  of  its  Arachniilun 
ancMtry,  which  absence  ha$  to  bo  recognised  if  the  pincera 

ACnaliuwIaB  Bra  iili-ntifii'il  irilti   t)ii*  m»ni)ihlaf|   of  an    inSCCt.' 


of  Galeodes  are  idcntiBcd  with  the  mand 

>  I  do  not  admit  tlie  tiiilh  o(  this  identifloatiott- 
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In  denviBf  the  HcsBfrnb  aitd  MjTUpodi  fron  Gsleodc*  m 
■boaU  hm  to  taffom  A»  ■■luuiii  af  the  fenncr  la  uue 
i  flk  mw— ■  lop^cMitiaa  whkfc  it  wmanxj  to  one  of  the  fim- 
i  JMBWiUl  MMaplM  of  fkjkigeoj,  to.  th«t  new  arfos  do 
■St  vise  M  MM*  M  oew  pazta,  b«l  by  th«  ni*wiifinrirm  rf 
pcfl-cxistiii^  part*. 

Hhkv  it  n«m  that  in  maj  emt  Ihi  tnohsMe  Andaida 
■tut  k  left  kput  froa  the  othar  tnchnte  Axtbraptdm  « 
lh«  CKtmnt  metfaMtinn  of  the  wrm  origiauiag  ia  dtt 

Thifl  coocluaioa  is,  however,  in  oppoMtton  to  th«  view  that 
the  renal  MalpigUKB  tntiai  are  of  poflteraetic  nguifi««ace. 
It  if  a  taj  atrikln;  fact  that  al!  weU^Tclnppd  tnuhMie 
Artfaropoila  (except  Peripatna)  hkre  not  ooXr  trmcbem  m 
lespiraiurro^aiUibutalm  hinlhriinMalnijhinii  i  am  aiuw 
ing  from  the  prododCTtm.  ETlhi-r  the  Hexapvda  and  My na- 
poda  are  dmely  relaied  to  tbv  oiT-brrathii^  AraGbnJd*  or 
Iheae  Hatpdishaa  caca  hare,  like  the  trachete,  appeared  more 
than  OBce  independently  in  dira^iBnt  lines  of  the  Arthcopod 
btnily-tree. 

A  minute  coinpwatin  stndy  of  the  stmcinn  and  dOTelop* 
ment  «f  tlie*e  cRca  is  wanting;  at  the  ratne  time  it  appiian 
that  certain  of  the  Iiopod  Crustaeea  pouvaa  orgaua  ceaa- 
paniMc  to  iliem.  If  thta  be  bo,  aaother  poaaihle  place  df 
attachmeul  for  the  Uexapods  and  MyriapiHla  to  the  Arthn- 
pod  fBmily-tTc«  is  indicated,  which,  on  independent  gmonds, 
ha*  much  in  its  fiironr.  SuppOMRg  that  the  anieatup  of 
Hcxapod)  and  Mj-riapoda  ihniud  prove  not  to  be  identical 
with  the  proatomial  antennie  of  Cbctopmls  but  aboiild  be 
ahown  by  the  examination  of  the  devBlopment  and  str 
of  their  connected  nerve-gnnglin  to  be  like  thoM?  of 
tooea,  uri|;iniiily  post-oial  ap)>endageii,  or  «amo«rtig  on  _ 
Other  groundd  th^it  the  antenme  of  these  torn*  oonld 
identified  with  one  pair  of  the  CrastBci>ftn'a  aiiiennir, 
it  would  not  be  difhcult  to  conceiTo  of  snch  a  mndihcatioa 
the  poBt-oral  appendage*  of  an  taopod  m  would  givn  tl 
diapDsition  chatacteriitie  of  tbem  in  either  Mfriapodit 
Hcxapods. 

And  it  IB  to  be  notod  that  among  existing  Isopodi,  ti 
ttial  forms  am  known  with  {iKuIiar  lang-bke  pot 
adapted  to  atrial  iripiralion. 

A  ittningntgumcntin  favour  of  the  derivation  of  the  Hei 
jnidn  from  C'rUEtartia  appean  al  Brat  li^hl  to  bii  afibtded 
the  niinuC(>  itrooturo  of  the  compound  eye  of  th»  twn  nrii^ 
61  iitifiiniimB. 

Amoo||«t  all  tbv  postChle  point*  of  gcnetio  ouaoeoti 


the  H«x&po(tA  nnil  or  the  Mxrinpod*  frith  tho  other  larg« 
ffroan«  of  ArlIiToi>oiltt,  there  is  probably  wow  hope  bf  n 
definite  Indication  Iwing  obtained  as  the  r«HuU  Of  ft  etHicdl 
study  and  comparison  of  the  Htructure  of  the  eyes  than 
Ttvxn  nay  other  source.  The  eyes  of  Ailhropflds  are  elabWate 
in  the  histologiad  dclail!i  of  thvir  ttnicture,  and  tA  the  man 
time  have  uol  been  inherited  from  ft  tiommOn  ancestor  fn  (ml) 
and  the  same  elaborate  form  by  all  the  members  of  the  Kraiip,aa 
have  been  the  eyes  of  craniate  Vertebrnta  for  example.  Ac- 
cordingly wc  muy  expect  that  Ihe  elaboration  of  the  eye  has 
lukfin  a  somewhat  difTi-ront  iM>ur!iA  in  diffcrt^nt  lineit  of  dt^scont 
within  the  limita  of  the  Arthropod  phylum,  nnd  m;  should 
be  ju8tific<d  in  conctudinR  a  common  line  of  descent  for 
eluwt  of  Arthropods  Ehoirin^  identity-  in  numerous  details 
of  the  optical  ttruclurc,  which  details  hivd  bcvn  ascertained 
not  to  be  a  common  inheritnnee  from  the  primwVal  Arthtopod 
anoestof. 

Whatever  may  be  the  conclusion  arriyed  at  in  the  futut« 
in  reference  to  the  aAnilics  of  Hexapoda  nnd  Myriapoda, 
the  rpsult  of  the  rceognition  of  the  iutimnte  relationship  of 

I  Scorpio  and  Limulus  must  be,  1  think,  to  break  np  the 
imifictal  group  of  "  Arthropoda  Tracheatn  "  by  tho  separatioti 
of  the  Scorpions,  Spiders,  and  Miles,  from  any  special  con- 
nectioo  with  it. 


Piffhtm. — ApPRxmctJLATA. 

Branch  S.— Arthropoda  (Gnathopoda) . 
Clfist . — Arachnids. 


Arthropoda  developed  from  anocstral  forms,  in  which  a 
'  pTosoma*  formed  by  the  union  of  the  imwlomium  anil  six 
anterior  aegmenU  was  shaqdy  marked  off  from  the  rest  of 
the  body,  both  by  the  confluence  of  its  terga  to  form  a 
carapace  and  by  the  special  charaoler  and  size  of  its  appen- 
dages. The  six  pairs  of  appendages  (iucludtug  tlM  forcmott 
of  the  whole  stries)  were  arranged  round  the  mouth,  and  all 
BubMivient  to  the  purpose  of  prehension  and  mastication  of 
food.  Id  the  laCet  developed  forma  of  Arachnida  either 
the  number  of  these  nppenda;^s  may  be  reduced  (Euryp- 
terinaj  Trilobita),  or  the  functional  relation  to  tlie  mouth  of 
the  more  posterior  of  the  six  pairs  may  be  lost.  Whatever 
their  number,  the  foremoat  pair  is  free  from  n  jaw-like 
Bnlarg«ra«nt  of  the  coxa.  The  palps  of  all  six  pairs  of 
tppendases  exhibit  a  wide  range  of  adaplatioual  form,  aa 
prehensile,  tactile,  ambulatory,  natatory,  or  foewrial  organs. 
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Tb«  gencrattTe  apcrturei  are  pltccd  tta  forwmxd — tnco- 
traUyiD  the  first  BCgnentofthe'incsosonu'  or  region  followii^ 
the  prosoRiA,  and  are  covered  by  a  fused  pair  of  appeod^ci, 
01,  when  these  have  aborted,  by  the  conmpooding  si^nnte. 

The  appendagea  of  the  meaosoma  posterior  to  th 
gcDointiTC  apertures  carry  peculiar  respiratory  lamella, 
which  expose  the  blood  circulating  in  them  to  the  dit- 
Bolvfld  oxygen  of  natural  waten  in  the  more  archtir 
membtra  of  the  group,  but  an  perforated,  invaffinated  ia 
raewaes  of  the  reniral  integument,  and  filU-tl  vnih  atnio»- 
pheric  air  in  terrestrial  forms  {Scorpions,  Spiders,  &c.),  « 
may  be  altogether  aborted  and  repUced  by  trachese. 

Exc<;pt  in  the  Trilobita  the  segments  and  paired  apiwndagti 
of  the  uiesiMoma  are  not  more  than  six  in  uutnber,  and  ttn 
same  is  true  of  the  metasoma  or  terminal  ref^oii  of  the  bodji 
which  is  devoid  of  appendage*  (except  in  Trilobita),  and 
may  either  have  the  appeantoce  of  a  simple  contiouation  of 
the  mesosoma  (macrourous  forms),  or  may  liitve  its  se^ 
ments  fused  with  one  another,  but  separate  from  those  of 
tJic  nie»o«oniH  (Trilobita)  ;  or,  again,  may  be  more  or  lea 
completely  ahortt^d  und  fused  with  the  mcsoEoma  (Limalos), 
when  the  segmcntatiou  of  the  mesosoma  itself  may  ak« 
become  putisdly  (Spiders)  or  completely  (Acarina)  ohliie- 
era  ted. 

Ill  all  the  larger  known  forms  (Limulus,  Scorpio,  Mygale) 
a  large  free  sclerite,  the  (.-ntoctcmito,  is  found  within  tbs 
[oosomB,  giving  attachment  to  muKles  inaerted  into  Uh 
■tstnitM  <M  tike  meMaoma. 


TabHlar  rteto  of  the  Ord«rt  of  Arachnida. 

Oaun  L. — HinuTOBR*)tCHU  (=  BlEsoRoxtTi)  r 

Order  1 Trilobtla. 

„    i Bomttriu. 

„     3 XlpMsura. 

Geadx  B.— AaaoBJuaciUA ; 

Older  1 SeonioaiM. 

..a PrfiHid. 

„     3   -  AiauiBB. 

QaaDB  C— LtmBXASCBU : 

Ordsil SoUTwa. 

„     9  .        .  P«eiuMsoorpiQolha.' 

..3  .  Opflimina. 

„    4 Acsrin. 
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Or.  Koeb'f  New  Hetbod  of  Pure  CnltiTatioii  of  Bacteria. ju 

tbe  recent  inceliti);  of  tii^  Tnlrmationiil  Medical  Congrvsa  is 
Iiondon,  (luring  Aiigufit,  Dr.  Koch,  well  knuwii  by  lui 
rea«arches  ou  tbe  life-hisWiy  of  BacUlos  antiintcis  (sc«  tkii 
Journal,  Vol.  XVII,  p.  SI),  gtve  a  Berics  of  clemonslndow 
in  the  physiologioil  Inlwratory  of  King'H  CoUvga,  whicb 
were  of  tlie  greatesl  interest  and  imi>OTtance. 

Dr.  Koch  has  recently  been  appointed  to  the  charge  of  i 
laboratory  of  experimental  reE«arcbcoDnect«d  with  thi-  Stati 
Department  of  Public  Hculth  in  Berlin,  and  aiiled  by  hii 
two  awisUnt*,  he  brought  lo  London  material  and  inalro- 
mesU  for  llie  purpose  of  exhibiting  to  the  momben  of  At 
Congress  the  methods  of  rc-senrcb  into  the  relatiou  of  Bac- 
teria to  diMCjLse,  dcvisvd  by  him.  Tho  scries  of  photoenpfai 
of  rarious  forms  of  Kacierin  shotrn  by  Dr.  Koch  were  vain- 
able,  as  affording  convincing  evidence  of  tho  nec-rssity  of 
making  use  of  pnotography  as  the  means  of  obtniutog  and 
presernng  a  record  of  (he  specific  form  nnd  clmraeter  of 
Bacterian  growths.  Of  gn:at  inti-rot  a1»o  were  itjc  ouhiTa* 
lions  of  the  llactcria  of  blue  milk,  and  of  tlioto  of  bitie  piu, 
exhibited  by  Dr.  Koch,  and  of  the  septic  ilucierium  of 
putrid  blood,  the  toxic  effects  of  which  were  exiwri men  toll  j 
demoosl  rated. 

Of  most  general  importance,  and  in  our  judgment  liltvly 
to  mark  nltogether  a  new  era  in  the  study  of  the  rulntiiKu 
of  Uactcria  to  certain  diKose*,  and  lo  olhct  fermentiititr 
pnevBtict,  was  the  di-moiiHiTaliun  by  Dr.  Koch  uf  b 
and  jet  absolutely  simple  nud  ohviuuH  method  of  "btaniti, 
pure  cultivations  of  tbe  species  of  Itacteria. 

It  is  a  well-known  (act  that  there  are  a  large  ntinibtt'l 
species  of  Bacteria  differing  from  one  another  m  iha  aff 
which   iheji  produce  in  the    m<^dium  whi  rrin  ihiry  Br«  c 
valed.     It  is  also  well  kaiiwu  that  Bacieriu  axv  90  • 
itoua  that  tlw  vxaminatioa  of  any  natuial  ntediun  1 
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by  them  is  olmost  iutc  to  yield  svidsoca  of  the  pretence  of 
more  than  out!  s[>r!oie«,  iho  vmnout  species  gron-ing  loffetber 
in  iaextrieable  confusion.  On  this  ncoouiit  it  hiis  been 
fbuud  a  matter  of  extreme  difficult)-  to  determine  what 
offifecta  are  duo  to  one  spi-fiios  of  liitcteriiim  and  what  to 
another.  And  il  ha*  indued  heen  often  impossibU  to  dctct- 
mine  in  such  a  mixture  of  forms  those  which  are  gcnelically 
related  to  one  another,  and  therefore  to  distingiiiph  one 
ipecit-s  tiom  the  other  forma  which  are  adventitiously  asso- 
ciated with  it. 

To  effect  the  separation  of  apeeies  in  a  mixlare,  Mr* 
Lister  employed  a  method  of  dilution  and  division  des- 
cribed in  his  ffell-knowii  research  on  the  Lactic  ferment 
(see  this  jDornal,  vol.  xriii,  p.  191).  Makioff  u»e  of  n  _fiuid 
aa  the  nutrient  modium  of  cultivation  (as  liituorto  has  been 
the  almost  universal  practice  in  auoh  ciilli rations),  Mr.  Lister 
introduced  a  drop  of  sour  milk  containinfi  postibly  t<V(^iity 
kinds  of  BHCterin,  and  amoni;  them  llie  Bacierium  of  lactic 
fennel  1 1 II  ti  on,  into  a  lnri:c  quinitity  of  pure  water,  the  dilution 
and  a{>acing  (so  to  (peak)  of  thi-  KaL-icriii  thus  affected  bcinz 
calculated  to  10  render  it  probable  that  a  itVi^/e  drop  romorcd 
from  the  diluted  Kaelerian  mixture  would  contain  a  tingh 
liacturium.  Such  drops  were  then  removed  and  placed  each 
into  a  separate  culture* tube  cuntnioini;  stenliied  fluid  nutri- 
ment, and  thus  in  »  certiiin  number  of  the  tubes  h  pure  cul- 
tiration  consisting  of  thi:  prui^tny  of  a  fiinp{lc  Ilacteriuro, 
and,  therefore,  unquestionably  of  but  onr  spifcici,  was 
obtained. 

This  methoi)  is  tedioos  and  liable  to  failure  owing  (o  the 
great  care  ii«ces»ary  to  ensure  and  maintain  sterilisation  of 
the  cultivation  fluid  whilst  exposed  for  the  purpose  of  inocu- 
lation and  again  for  fnriher  examination.  Dr.  Koch  was 
led  to  this  new  method  of  cultivation,  which  essentially  con- 
sisia  in  the  substitution  of  a  solid  for  a  fluid  medium  of' 
cultivation,  by  the  tiee  of  the  ntotliod;  known  to  all  my- 
cologifita  of  Dultivaiion,  upon  slices  of  potato  or  beet-root. 
It  i*  readily  observed  when  slicea  of  boiled  potato  are  ex- 
]>osed  in  a  aamp  condition  to  the  aimt>sphere  thai  the  «ur- 
faoe  of  thu  slice  Wcomes  the  st'iit  of  development  of  various 
Uacleriu  and  of  moulds,  tlie  s|>oroK  uf  which  fall  from  the 
atmosphere  on  to  the  ex|>osed  slicv,  a  fact  which  struck  Dr. 
Koch  as  of  importance  iu  reference  to  the  slices  of  potato 
'  was  thi« — thai  the  various  spores  falling  on  to  it  remain 
where  they  fall,  and  finm  the  spot  where  each  spore  ur  germ 
originnlljr  fell  it  proceeds  to  multiply,  producing  around  il  a 
symmelncal  hotninphfrical  growth  of  perfect  purity.    In  fact,- 
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owinj^  to  ibe  EoUd  chumcter  oT  the  nourUfabii^  rappon  tW 
gtmii  and  sporw  cannot  get  mixed  ks  they  do  in  «  buuii, 
eac)i  remitiiis  distinct  from  its  neigbbotir  eren  thaugfa  invm 
clo»c  pro^imitf,  >nd  without  any  trouble  from  the  rcmltmc 
growth,  which  proceeds  iii  a  day  or  two  from  each  seni— 
new  and  perfNtly  parecultivattoumay  bestarted  innttafali 
sterilized  fluids. 

Dr.  Koch's  method  consists  in  substituting  for  the  potsH 

■lice  a  layer  of  gelatine  which  is  so  saturated  with  water  ■ 

just  to  become   solid  on   cooling.     The  gelatine    liquid  n 

readily  nterilized  by  boiling,  and  into  it  can   be  intTDdond 

eitbiT  Pasieui's  salts,  peptones,  Mood-serum,  or   other  nn- 

tricnl  mHterial  requiTCjl  by  one   or  irtlier    spcciiu  of   Bae- 

teritim.     Tbr  gei™tini--mi-<liuin  thus  prepared  may  be  kepi 

n  a  tube  and   a   cullivatiou  iliiio   carried  on— Hm   its  wr* 

face,  or  (and  this  is  its  principal  use)  it  may  bo  spread  whei 

tiqnid  on  a  mictotcopc  object-slide  and  allowed  to  cool.  Tbea 

such  a  gelatine  plate  may  bo  inoculated  by   touching  in 

surface  with  material  conuining  the  Bacteria  which  it  it 

desired  to  study.     The  plate  is  readily  protecti:d    from  tW 

access  of  accidtnul  atmospheric  germs,  and   mnintaiaedlH 

such  temperature  and  degree  of  moisture  (by  a  class  shaj^l 

as  the  experimenter  may  desire.     The  main  point  of  udn^l 

tage,  however,  in  this — that  the  point  of  inoculation  oo  ^fl 

surface  of  the  gelatine  can,  owing  to  tts  trans jiarcncy.^l 

readily  examined  with  the  highi-si  power;  of  the  oiicrosotnl 

and  the  growth  of  the  Bacteria  followed — whilst    fur^ijl 

owing  to  the  fact  that    the   medium    in  which     the    sn>W^I 

taki'S place  is  solid,  no  mixlureof  thediffiTent  kinds  whi^l 

may  be  present  occurs,  but  each  Bacterium  producoa  arooi^l 

i(  a  little  spherical  nest  of  its  own  kind.     Frnm  tb(>»e  nee^l 

with  a  Kfcnlired  needle-point,  indiriduals  can  be  removtH)  |9 

start  new  pore  cultivations,  ]H 

But  it  is  obvious  that,  if  the  mriginal  point  of  inocntatio^l 

was  very  minute,  there  it  no  danger  of  any  accidenlnl  coi^l 

taminalioii  from  atmospheric  germs,  for  these  arc  not  Uke^l 

to  full  on  the  identical  spot  no  bigger  tbau  the  puncture  ^| 

a   needle's  |>oiut,  where  tlie  expenmenlal  culture  is  n^^l 

on.     As  a  matter  of  fact,  where  they  fall  on  to  the  inH^^H 

there   tl»ey   remain   and   grow,    and    fifty    »uch   acciilMH^^ 

spores  may  fall  un  lo  the  gelatine  plate  without  in  thu  leujl 

inierforihg  wilh  the  purit}  of  ihr  irxnerimeuial  rnliunr. 

Thttt]  in  jet.  further,  u  very  «tm|>lr  device  wliiih  euable»_H 
Dr.  Korh  to  uu-  ihjs  gelatine  «iurfaec  as  a  meatis  -^l 
*'  spnring  "  and  dividing  the  various  sprcjus  En  a  mlxtv  ^| 
Unctoriii,     Ue  dii«f  »  stcriliKed  needle  into  sdcIi  h  ii  H 
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anrl  then  makes  a  long  shallow  streak  with  tho  neeOIe'a 
]M>itii  umrn  the  surfoce  of  the  goUtinc.  The  Bnctoria  which 
were  adherinif  to  the  nt-cdlu's  point  tuc  in  this  way  dropped 
at  intervals  along  the  streak,  some  nearer  some  further 
apart,  but  all  (with  rare  excepiions)  in  such  a  war  that 
their  subsequent  growth  keeps  clear  of  that  of  a  neighbour, 
and  can,  with  the  aid  of  u  low  power  or  even  without  any 
microscope,  be  vitited  by  a  stonlized  needle  point,  and  thus 
used  to  start  on  another  gelatine  plate  a  perfectly  pure  cul- 
tivation. 

These  pare  cultivations,  such  as  Lister  aimed  at  by  his 

rinethod  of  dilution  nud  diviRton,  may  be  called,  in  order  to 

fiudicnlc  to  what  an  extent  they  are  known   to  be  pure, 

"  monosporous  cultivations,"  since  the  principle  which  dit- 

tinguishes  tbem  is  that  all  the  growth  is  the  offspring  of  a 

'  tingle  isolated  germ  or  spore. 

It  is  only  b}-  sucb  monosporoiu  cultivations  that  we  can 
arrive  at  aolid  conclusions  in  reference  to  the  forms  and 
r  activities  of  the  Bacteria,  e.g.  as  to  whether  one  form  can 
'  give  rise  to  progeny  of  another  form  when  its  food  and  con- 
ditions of  growth  arc  changed,  and  jigoin,  as  to  whether 
special  fcmicutativc  powers  can  be  lost  or  acquired  in  the 
course  of  generations  derived  from  one  parent  germ,  but 
subjected  to  different  conditions  aa  to  food,  temperature,  and 
oxncen. 

The  method  of  gelatine  cultivation  devised  by  Dr.  Koch, 

E laces  the  means  of  folloving  out  these  inquiries  in  the 
ands  of  ererj-  careful  microscopist.  Such  methods  as 
Lister's  were  too  troublesome  and  too  difficult  for  general 
and  widespread  application ;  but  now  that  monoaporous 
cultivation  of  Bacteria  has  been  rendereil  a  comparatively 
simple  and  ceruin  aff'air,  we  may  expect  immediate  and 
immense  advances  in  our  knowledge  of  the  whole  series 
of  phenomena  to  which  the  Byicteria  are  related. 

Arow^t  problems  which  n-qtiire  immediate  investigation 
by  the  new  method  are  the  dialinettve  properties  of  the  rartoos 
kinds  of  Bacteria  which  may  infest  the  wounds  of  surgical 
practice,  and  their  spc-cilic  susceptibilily  to  the  destructive 
influence  of  carbolic  acid  and  other  antiseptics ;  further,  tlie 
possibility  of  isolating  a  specific  Bacterium  in  contagious 
discatua  not  yet  investigate :  and  (of  great  physiological 
iiit4.-Tcst)  the  isolation  and  investij^ation  of  the  propoittes 
of  the  s|>ecific  Bacterium  of  tho  ammoniaail  fermenuiion  of 
urine. 

Dr.  Koch  and  his  aasistants  will,  no  doubt,  shortly  publish 
K  detailed  account  of  the  researches  which  they  have  been 
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tngoged  in  cturiog  the  put  jw,  tuid  will  give  pwtkulai 
as  to  the  methods  of  investigation  employed  by  t1t<;tn,  whkSt 
had  not  (we  believe),  previouslf  to  tnc  meeting  of  \\u 
latsiiwtioiuil  Medical  OoDKnivs,  butin  givvn  to  the  imUic. 

A  rftina(ic«bl«  nvgnliru  remit  obtained  t>}-  Ur.  Koch,  t« 
far  as  hi&  exp^tiinentH  with  the  new  method  of  inonoeponHB 
cifltute  have  jet  exiendedf  is,  that  there  i&  no  transitioa  ul 
forms  mnoDgst,  M  any  nto,  llic  pathogsnous  Oiictvna— i 
MicrocDCCu*  producus  ilicrococci,  and  uo  other  fann)  • 
Itacillu^  produces  onlv  Itscilii ;  a  bisLuit-sbapoiJ  form  (But- 
leriuDi  proper)  only  biscuit -shaped  fonns ;  a  S|imllitiB  doh 
Spirilla.  Moreover,  xhc  fades  of  the  diiooidnl  or  cplietieu 
irmsA  forrnt^d  by  &  gruvrth,  M  •<'0|i  wilh  a  low  power  cxcaval- 
ilig  ila  way  in  the  gelatine  is  characieriattn  of  spociea,  %o  ihu 
n  practised  observer  can,  in  some  oases,  rfoogniM  n  particoUi 
Dacithii  or  Microcorciis  by  the  naked-eye  appeaniDce  of  tk* 
^Wth  alone,  or,  Ht  any  ratii.ffilhout  aclually  otworyiug  the 
individnal  units  of  the  growth. — h. 
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JOURNAL  OP  MICKOSCOPICAX  SCIENCE. 


EXPLANATION  OF  PLATES  III  AND  IV, 

Illustrnting  Mr.  F.  Orpen   Bower's  Memoir  "  Ou  the  03 
mination  sad  Hiatotogy  of  tbc  SvcdliDg  of  tVtlwHschia 
mirabitis." 

lb  Leltertng  ts  uoiformMfoUon:— «.  siupMiMr:  '■  ooU>r  of  embrj«; 
r.  '•  root  up ;  ap.  spox  of  root ;  r.  root ;  f.  feeder ;  s,  OOtjIeiloin ;  *- 
endoipeTm ;  a.  riicIdus  \  p.  I.  pliiBiulsr  Icitoi  ;  if.  it.  lijpo-eotjMoai^ 
ttem ;  /ti.  littro-vuciilu  bvKdIe  i  m/.  ftoleKdcbf ma ;  pA,  phloem 
jy.  ijicm ;  jiv.  p&.  pToto-pbloem  i  ft-,  ly.  pioti>-x}rlcm ;  e6.  ouabiiun  • 
•'.  eb.  iut«r-rucicuI&T  oaiubiuiu ;  b.  s.  bmulle  tbuth;  f.  i-  »otl  but( 
in.  r.  mcdullnr;  roj ;  /.  li([Diiicd  tncheida;  r,  A.  root  hoirt;  t.l.oortktX 
tite;  p.  pGricaDibiam  1  w.  mucilage. 

Fic.  1.— .Mature  cmbrjo  of  WelwiUchia.  ).  a  and  «.  Whoto  «iii- 
btjo,  CioiD  points  of  Ticir  *t  right  luiglct  to  one  ftnother.  C.  Embrj^jg 
loDgitudinal  tecliou. 

Flo.  3.— SccdLiog  from  n  tccd  som  Oat,  afUrtwclTo  dajs'  genDinstioDT 
la  1  tlie  endotpenn  ia  partisUj  romorod.  llie  ooljledoiu  nnd  fcodar  us 
teen  in  close  eonneetioD  vitb  it.     In  ii  ttio  mdrnpcrm  reioond.    ). 

Flo.  3.— Sccdliog  from  a  Mcd  sowa  on  edge,  tftcr  eigbtoon  lUj**  j^ 
mination.  a  as  mcd  after  romoTing  tuta.  In  b  the  eadoapemi  faas  i 
been  removed,    f. 

Fio.  4.— SocdliDg  lix  week*  old,  titowiag  porforation  of  teita  at  dif- 
ferent points  hj  stem  and  root-     Seed  was  wxn  cin  edge.    Nat.  tu«. 

Fio.  S. — Seedling  six  weeks  old.  Scad  sown  Hnt.  Three  cotyledons, 
tbe  two  smaller  one*  eridentlj  titkiog  tbe  place  of  one  nonniJ  one.  Nat. 
siie. 

Fio.  G.— PoilioD  of  bTpo-ootyledonarj  stem  and  root  with  fooder,  takes 
from  a  sucdliug  of  about  six  weclu.  a.  Testa  reuiored,  endosperm 
still  surroaitding  the  feeder,  a.  Endosperm  removed,  remnaols  of  Ducleos 
still  alUclied  b;  Ibe  suspcnsor.  c.  Tlie  same  in  longitudinal  section.  Tbe 
fceiior  nnd  cnda-^pCTin  bnvc  contracted,  owing  to  Iteatmcnt  with  alcohol. 

Fir..  7  and  !!.— Seedlings  tea  and  a  half  weeJu  old,  showing  plnuD 
leaves.    Nat.  uce. 

FiQ.  U.— Plumule  laid  bar«  bj  reDioval  uf  one  of  tbc  cotjledoiu. 

Fio.  10. — View  of  apex  of  tlio  jounjieit  of  the  specimens  in  tbe 
CoilDCtiou.    ).    Sent  Eiom  Little  Fish  Bay  b;  J.  J.  Uootciro,  £*<], 
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EXPLANATION  OF  PLATE  UI  AND  Vf  .-ContUuei. 

Pio.  11. — TntDSTSrH  section  of  hjpo-cotjlcdODu;  stem,  sbowing  four 
fibro-TMcular  bundles.  The  zjlem  is  ebaded.  The  arrow  indicates  the 
direction  in  which  the  bundles  have  rotated  on  tbeit  axes.    Cf.  text. 

Pig.  is. — Uargin  of  section  of  the  hypo-cot jledonarj  stem.  The  vails 
of  the  outec  lajers  of  cells  of  the  cortical  tissne  are  cuticulsrised. 

Pie.  13. — Traasrerse  section  of  a  fibro-Tascolar  bundle,  from  an  udcx- 
tended  bjpo-cotjledoDsrj  stem. 

Pio.  11. — Transverse  section  of  a  fibro-vascular  bundle,  from  a  full; 
extended  bjpo-cotjledonaiy  stem. 

Pia.  IG.^s.— H.  Series  of  transverse  sections  through  plumole,  bjpo- 
cotjledonsr;  stem,  and  root ;  showing  the  cootse  and  rehttive  position  of 
the  fibro-TSSCular  bundles.  The  x;lem  is  alwaja  shaded,  the  phloem  not 
The  arrows  indicate  the  direction  of  rotation  of  tbe  bundles  on  their  axes* 

Pio.  is. — Diagram  showing  the  oonrse  of  the  fibro-vascular  bundles  ss 
thej  mi^t  be  seen  in  an  ideal  preparation  of  the  plumule,  Ac,  laid 
open  b;  cutting  in  a  plane  psssiiig  between  the  two  plumular  leaves. 

Pio.  17.— View  of  the  apical  papilla  from  above. 

Fio.  IS. — Longitudinal  section  of  the  seedling,  represented  in  fig.  S. 

Pis.  19. — Section  of  the  apex  of  the  feeder  (as  in  fig.  IS)  under  bigber 
power.  Theletteri  indicate  the  series  of  elongated  cells,  corresponding  to 
the  series  in  tbe  cortical  tissue  of  the  stem. 

Pio.  so. — The  most  carved  part  of  tbe  fibro-vascular  bundle  of  fig.  18. 

Pio.  SI. — Transverse  section  of  jonng  root. 

Fio.  SS.^Transvene  section  of  older  root,  from  seedling  of  nine  weeks. 
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DESCRIPTION  OP  PLATES  V  AND 


Illust rating    Prof.    MUnes    Marshall's  paper  od 
Head  Cavities  and  Associated  Nerres  of  ElMmobranek 

E«ch  figure  lias  beta  (ttawn  tnu  a  dn^  MCtim  b;  tlie  sid  of  i 
nuk  cainera.  Th«  Biuaben  Rtiachcii  ikdicale,  in  disiuaUra.  tlw  r 
power  employed.    Tbe  majority  of  the  figures  are  of  ■  waii-* 
lio  nitnre,  tne  ntcMbliit  being  in  anrij  all  catca  oadtl«d  tat 
ot  Gleunen ;  l!ie  oullmta  are,  lioveret,  ■irioll;  aocarslc  ia  all  i 

0.  kci»xj ;  ol.  alimeotar;  canal ;  at.  outf^wth  of  aliaieiitaij  < 
fonn  naeenl  elvft  ■,  ami.  auditory  Tcsicle ;  i.  <■  bodj-ciTity  or 
Br.^  flivt  bniMtual  arcb ;  c.  g.  ciliarj  gaoglioa  ;  i.  r.  tamua  ' 
tp.  eptblact ;  f.  b.  ton  braia ;  g.  giUi  or  bnociiiA ;  i.  i.  biod  bi 
hjpowaat ;  Of.  bytod  uck ;  i.  m,  inreainit  aMW  -,  a/,  infuo 
«•.  mwlst  m,b,  nidbnin;  mit.  mwoblaat ;  ITa.  nundiboiar 
a.  nolochoid  -,  o.  i.  obliqniu  iDTenar ;  o(f.  oltaclorj  pit  \  o.t.  n 
auperior;  o.  t.  o^lic  teslcle ;  pin.  pLueel  bodf :  pti.  (jiluiuuj  inv 
fron  mootb;  r.t.  lecius  cxtemos  or  potUriori  r.t.  rectos  ta 
r.  tit^.  rediu  toferiot ;  r.  i,  rectus  superior ;  jp.  spiraoilar  or  b^t 
bulardett;  F.ieiaj  1,  Hrst  heul  cariij-,  3.  secooii  baad  oivitj  ;  ; 
beadcamji  i.  olUctor;  ucrvo;  it.  optio  oerre;  in.  third  ut  ocul 
sorns;  iii  a.  anterior  branch  of  iblnl  cerre,  ornratat  opilialmia 
fluiltu ;  III  i.  uiaiu  br«nob  ot  lliif d  uerfc  to  iretBt  in/tritn'  and  e 
in/rriar :  t.  &lth  or  trigomioal  dmvo;  \m.  aphthalmic  bnndi  i 
eerre ;  \  b.  muiltaty  brancli  of  filib;  ■<«.  nundibular  bramdi  o 
Ttf.  eoDiRiunicalinit  branch  between  fiflh  and  Ibtd  oerrc;  xe.  bn 
obliquQs  mperior ;  v/  aWsiior  uoii-gauKliooic  roots  o/  fifth  ;  te 
or  abduonii  uerre;  Tti.  MTtvth  or  Tadal  DOrrc;  vtia.  oplil 
branch  of  »eTentb;  vu  $.  paiatlna  branch  of  tcventhi  \ae.  bj 
or  post'tpincular  branch  of  tevealh ;  vii  d.  mandibulai  or  pie-apa 
brunch  of  »eTetttli ;  viii.  eighiJi  or  uuiliturr  nerrc;  ix.  nil 
gloMo-pliarjiiKesl  nerve  i  x.  tenth  or  pueuDiogMti-ic  nerve. 

Fie.  1. — ^Irenavarse  lection  throoj[h  tlio  liead  of  a  Sejllinm  emb 
■tags  Di  abowinff  the  mcsoblsst  divided  into  tvo  l^rera,  irhicl 
not  jet  aepnraled  to  form  ilte  cvbIori.     x  SO. 

Fio.  9.— Iwurerse  section  Ihrongb  the  bead  of  an  easbrjo  of  st 
iliowinit  the  head  cavitiu,  htad  brain,  facial  ocrtcs,  fore  gut,  and 
chord.     X  90. 

Fio.  3. — Somowhat  oblique  section  Ihrougli  tlie  limJcr  put  of  tbe  1 
an  embrjo  of  lUge  I,  sliowiiig  the  head  oaviiics  and  ibe  obbfa 
Ibcreof  caused  bj  the  couimcnciDg  riscetsl  olefu ;  alio  the  ai 
pita  and  hinder  part  of  tlic  nnditorj  ncrrc.     x  90. 

Fio.  i. — liODgitudinal  aad  rertieal  sectioni  through  ths  head  of  aa 
of  alsfc  K,  showing  tLe  dorwl  endsol  the  first  three  headca*'' 
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DGSORIPTION  OF  PLATES  V  AND  Vl—CmtimM^. 

dliiijr  gugKoa  with  Uic  ivo  bniueio  of  tbe  tbird  ceire  iraii^  from 
it,  nd  (he  oommunieatinK  brancii  iMtvteti  the  tliirti  nod  Aftli  atrce*. 
X  St. 

fun.  S  Mul  0.— LeogiludiiuJ  ud  rcrliok)  MCtioni  tbnni)tb  tbe  hoi  of 
aa  (»bm  of  suee  u 

Fw.  S  ibows  tlie  whole  length  of  the  lecond  bead  oaTitj ;  iLm  lh« 
Ultra  htod  cttTitjr,  a»d  the  fifth  ncm-,  vitb  tlie  root*  of  iti  oplitUiUmic 
■ad  comnmiieatuig  hraaoho.     x  30. 

Fig.  G  »bow*  the  tllit  tiertu  wilb  its  uilerior  nun.ftnngliniiic  routs, 
and  IIS  poalcrior   goagliouic  root  -,   also   the   root  (>(   tlie  uplillialuuc 
brucli  of  the  fifth,     x  36. 
Fiex.  7  to  li.— liongitodinol  and  mlical  Kction*  through  the  head  of  an 
embryo  of  tlage  L.     x  35. 

Fig.  7,  lli«  most  sapct^cbtl  of  Ihe  series,  shows  the  second  hcaii- 
cavil;,  aad  parts  of  the  trinmiiial,  facial,  aud  auditonr  nerres. 

Fig.  S  abows  th«  attend  head  eaftljr,  aad  ths  wall  of  the  first  and 
tiiirdj  alio  the  Gftli,  MTealh.ud  aadiloty  neire*. 

PifF.  H  shows  the  Uirc«  headeaiitie*.  the  fifth  aetve  with  the  tool  of 
ita  o^lhalnic  braaoh,  tba  facial,  aud  aodttory  nertes. 

fig.  10  shows  the  Ibicc  bca4  csTitirs,  tbo  ciliary  gau^liou  with  the 
roots  of  tlic  two  braoche*  of  the  third  a«ne,  the  trigctniiuJ  with  tba 
poateriot  part  of  the  eonwiuBioaliiift  branch. 

FW.  U  show*  Uie  three  head  cavities,  the  ciliary  gaoglion  with  the 
■nierior  md  ot  tiio  commudoiitug  braoch,  the  trl^-emiual  ucrre  with  iU 
aBl«ticf  and  pottcrior  loola  ud  the  root  of  the  ojiliiUslmic  btaacb,  the 
auditory  ncrre.  aad  the  ol&etoiry  ncrre. 

yig.  12.  shows  the  first  and  third  cnfiliei,  and  a  port  of  the  iiinot 
wall  of  the  leoond ;  also  the  third  and  oUastury  nerves,  and  the  pineal 
body. 

Fill.  18,  the  OMdian  •eetian  of  the  serin,  shows  the  notocbord  end- 
iag  sf^nst  the  nwdian  portion  of  the  first  head  oa*ity,  abo  the  infuidi- 
bnloin  and  pitsitan  involntno- 

Fig.  \i,  taktsi  boa  the  opposiu  side  of  the  bod;  lo  the  pctceding 
scetious ;  shows  the  first  head  cavity,  aad  the  root  utA  gtealer  pan  of 
the  length  of  the  thini  ntne. 
f  1G».  15  lo  J0<— Longitmdiiial  and  vertical  sections  through  the  head  of  a 
SerliiniB  anbcyo  of  stage  ».     x  30. 

Vig.  13,  the  oKitt  superficial  of  the  series,  shows  the  olfactory  nerre 
and  pit,  liie  anterior  bnadh  o(  the  Ihinl,  aud  the  palaline  and  hyoideon 
branclicaof  taesDTcnth  nortCi  also  the  s^racukr  cleft  with  its  branobue. 

Vig.  10  shows,  in  addition  to  tlie  part*  hacq  in  llw  preceding  flciUB. 
the  oehthalmie  branch  of  the  Kroath,  llio  mnxillon  nod  naadnuJar 
bmohes  ol  the  fifth,  aad  the  lower j>aii  v(  the  nundilMlar  head  oart^. 

Kg.  17  shows  lh»  sane  pans  m  Fig.  16,  but  at  a  soawwhat  deeper 
Itvel. 

Fig.  18  shows  tbo  oUadon  Bcrve  and  pit.  the  anterior  btueh  of  Ui« 
third  ncnr.  the  mandibalar  uraaeli  and  main  stem  of  the  fifth,  and  the 
apiithalmle  ennch  and  maia  stem  of  the  sermth ;  also  the  rwtei  ttUrmu 
muide. 

Fi^.  19  shows  the  first  catity  fisttencd  oat  and  swibtMing  the  eyeball, 
aalenor  and  posterior  bnn«4in  of  third  nerve,  ciliary  ganglion,  opfaUMl* 
mic  anil  ouimuiucaliag  brsudu  of  Uf  lb,  opbthalmic  btwMh  of  acfcntfa, 
rtttKt  in/tnar  aud  Miqiiu  Ufaior  ;  also  terminal  pottioa  of  masdibnlar 
head  eavity,  with  its  walls  converted  into  ssusciu. 

Fig.  SO,  tahen  iron  tha  op|Maite  side  of  the  body,  shows  oiliafj 
ganraoa.  and  the  t«o  brsnchea  of  the  third  aerre  nriitng  from  it ',  «Ma- 
monicatiBS  branch  of  the  filth,  with  its  brancii  lo  Vkc  (^trtiqum  iHixrtQt  i 
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ophthalBie  biXDGbM  oi  ftOb  and  aereatb,  dnt  had  ntily,  ttJ  mB 
tjftrmm  and  oUi^ma  iqfttior  mtcJe*.  ■ 

I  Pre*.  St  t«  S5. — uommUl  MctioM  Uuongh  the  hod  or  aa  tabfjo  lim 
I        itHO  imUimtdaie  between  t,  uul  lu    x  90.  1 

I  fij^  91.  Tke  HMMt  TRitn]  of  the  serice  ;  »bov*  lint  bead  oniial 

I        iafu^uliLBi.  and  piluilar;  iimktfoD.  I 

^H,  Jfk-  SS  ikiir*  ilrvl  and  tetsmA  bead  caniJes,  wiU  pndoaptfoi  n 
^Blatter  iolo  manililMlar  arcli ;  il*o  whole  length  of  tiiird  aetmcclL/ll 
^Hadcf.  and  cititi;  nsB^o"-  I 

^H  K^.  S3  tlwira  IIm  mediu  poctkiD  ot  Sot  liaad  <antj,  leeoad  l^dl 
^HttfitiM^  eSkrj  gaaRlia.  and  fllui  nerrM,  I 

^^^  P%.  94  ihows  tluid  b«tiil  mitir*.  6ftb  nerre  willi  ophthdimf  i^| 
^Voo'nxvnua'i'^  bianchc*,  scrtmtli  nerre,  and  vcntnl  p^rtiona  at  IhM  bofl 
f        caviliu  in  bfoidean  arnica.  I 

\  Fig.  8G  shows  Ibittt  head  cattUoii,  Gftli,  acfenlh,  and  asditot;  aaratl 

with  ophtlialinio  bnuaches  of  sercDlh.  I 

Figs-  i'i  to  31.— IVauTorM  »cclion»  ttuoveb  the  bend  of  an  enbijo  alH 
ataiw  mtermediaU  bctvtcn  M  and  x.     X  sh.  1 

rig.  iW,  the  mini  antciior  of  the  uriM,  abowi  Qnt  iMtd  Ea*i^^| 
tSMTj  nnglu,  fi(tli  nuivu  wjtli  ita  aalutor  toota,  opbthalmie  aad  cc**^^^ 
'  nnicatUBg  btanehn,  ud  the  opbtbalmio  bnnchea  «  tb»  terenlh  Dei**'^H 
Vi^.  37  »ha«t  lint  iicad  CMiticf,  6(ih  mm  «iik  ^aaglioaie  '^>^*^^^ft 
IcFl  mlIv.  nDn-|{uijtli(wic  root  oo  right  aide,  clliafjr  gasgha,  nd  opbtli*^''^^^B 
branclies  of  seTCntli.  i^^^^K 

:.  i&  lUova  paiaUoe  and  ophtbalmio  braucbci  of  teventh,  (naxiI'')^^B 
li  of  Sflb,  iareituig  inaUi  rwfu  tttUmu,  and  othn  ejt  matdtM^^^^H 
Fiic.  S9  tliniTii  liilli  Dcrvo  an  left  aide,  reeia*  ttUrmM,  and  pala^^^^^l 
farancii  (i  Bcvcntti  on  right  aide.  i-'^^l 

Fit*.  30  slioifH  anterior  portion  of  auditoi^  Ttaiclea,  Mvcnlh  a>d  a*^  *  ^^ 
torj  ncrvca,  Juvealuig  maaa,  and  roota  of  aulb  nerre  ariihij-  fnwi     <  1 

hbd  brain.  ^ 

Fie.  31  *liow»  root»  o(  aUtli  uerrc  on  JBfger  aoale.  x  llO.  'f^\  ■ 
round  ihune  of  anmi;  of  the  colli  of  tlicM  toola  ii  duo  lO  their  beiiif  ^**  ■ 
traniveraelj ;  thuc  arr  no  iiiiiieiinii  cells.  ^  I 

Figs.  33  to  40. — LQ:igitui]inBl  aud  vnrlicol  xcLions  throogb  an  embtjO    ^^     * 
alamo.     X  30  . 

Fig.  SJ  tibows  olfactory  nerre  and  pit,  ophlhaliaic  braooh  of  fifth,  op'' 
Uudniic,  [rulRtini;,  and  mnndibaliu  brnnclws  of  »eT0Qtb,  rtelms  tsttn^^^ 

rtctui  taprrior,  nnd  alili^uMi  i-JStri9r.  . 

Fig.  33  shows  ophthalmic  bnuiclics  of  Gfth  and  aeirt&lh  nerrcs,  f^Z^^^ 
inatiia  of  lint  head  eavitj,  and  |iortianauf  rttl^t  tupertor,  rttlut  iaUrt^-^^^^ 
rveta*  infrriw,  rtctut  txtmaa,  oiliqiHU  ttrpmor,  and  oiSfiau  injttiC^ 
muaclo.  -J 

Fig.  Si  show*  tnnn!  nitts  at  precrding  flK«rc,  at  tli^tlj  deeper  level  -^^ 
tooeUier  with  anierior  tifiocli  of  third. 

Fig.  35  shuws  aanie  puis  at  alilt  deeper  level. 
Fi);.  36  (bovafirat  head  cavttj,  atileiior  branch  of  third,  anttriotr 
potteriar  roots  of  flilh,  root  of  Mrrenlk,  auditor;  nerves,  aad 
txltrmi  tnujcle. 

Fig.  37  »liuw»  Urst  iKod  catttj,  third  nenre,  and  junction  of 
nerre,  wilU  rtetm  rtlfrm*  inuaCli!. 

Fi^.  %%  (hous  tliiid  and  tilth  nerves,  iuvcaling  tna»,  and  lateral  di*^ 
latntiou  of  piiuitar;  involulios. 

Fis-  39  slioni  tixtli  arrre  from  proccding  aeetion  on  a  larwer  acal^ 
X  66. 

Fig.  40  shows  anterior  aad  posterior  root*  of  third  nam,  pined  bodf> 
intundibuluni,  and  pituilarj  involutiun. 
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DESCRIPTION  OF  PLATE    VII, 

lUustrat'mg  Dr.  Klein's  pnper  on  tho  '  Minute  Anatomy  of 
the  NuBal  Mucous  Mvmbrnnc' 

Su,  I.— 'Alomme  leclion  Ihraujtli  the  nkul  tcptum  and  adjoiDinK  jiart 
of  Iho  upper  j&w  o(.  tlic  gimca-pig.  Msgnifjing  poncr  iibout  18 
diunctcn. 

I.  SpOlgJ  bOMOf  the  npper  ja»,  in  the  luiddlc  ling. 
S.  lie  MUMS  at  Uie  aide. 

3.  A  tooili  CQt  traii«T«nelj,  tbowing  lis  dciiliii  sud  rwcuUt  pulp. 
1.  Ommiu  •ubiUnoG  projecting  from  the  lower  jaw  id  tbc  middJo 
line  ittlo  tk  nu^  MTit;  u  ibe  auul  orc»t. 
5, 1^  outom  nitutatiRe  of  Ihe  lower  concha  or  tnibinnl  bonr. 
B.  "Hie  CtTtilttgiuou*  BOptiim  nnciuni. 

The  caitilasinoiu  capsule  of  ihe  organ  of  JaeobMn. 
Is.  ThtorgMi.of  Jacnbsoii. 
[9.  TW  acotfltory  organ  of  Jacobaon. 

'\0.  The  cpilhctinni  eoFerinx  the  mucoua  mcmbmne  of  the  concha 
ud  naaal  mrfacu  of  Uie  upper  jaw.  In  ike  mucoua  oicmbranu  are  seen 
UttiMiOul  ^sndi. 

IL  The  farrov  between  the  alTColar  procoaa  of  the  upper  jaw  and 
the  nual  wptum. 

li.  The  epilbclium  of  the  muccut  membrane  of  the  natal  acptnin, 
tbe  latter  cootaiiucg  BUmcroua  elauda. 
IS.  A  Ipnph'rollicle. 
The  epilbeliiuu  eorering  tbe  oaaal  aarface  of  Ihe  nppor  Jaw,  from  a  down- 
wbrd*  put  Ihe  lower  anleu*  at  II, and  over  the  surface  of  the  uaaal  arptitm 
is  attalified  coIqbut  cpitbelium,  the  •upcillcinl  cclla  boiaj  ciliaird.    From 
a  to  4,  the  epithcUuB  eonsiata  of  n  auperCeial  laj«r  of  »hort  coluninar  nud 
a  dr«p  lajtrof  short  conical  epithelial  celU;  nocilia  on  the  auperHcial 
celb.  From  ft,  orcr  e,  to  d,  the  epithelium  b  itratiGcd  parement  epitbelinni, 
vith  a  anperlicial  atntnm  of  horoj  scaln,  tike  the  atrntum  conteum  of  tbe 
qiidernua.    Omng  to  the  rcrj  anall  icale  on  whieh  the  drawing  ia  made, 
tbeee  detaila  tonld  not  be  abowu. 

Fio.  i. — FroraatnuTeiacatclioa  through  tbe  naaal  aeplum  of  tbe  guinea* 
pig.    Magsifjing  power  alKiut  ii. 

1.  The  orgna  of  Jncobioa. 

S.  The  bjalioe  oartilage.    ^e  carttlsge-cetU  are  not  indicated. 

8.  The  bone.  Tbe  booe-eella  are  not  drawn  here,  but  tho  apacee 
for  the  hlood-raaicia  arc  indicaled. 
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EXPLANATION  OF  PLATE  Vn.-(^i»^. 

i.  Ijuge  tf»ta  in  tli«  bone,  CileJ  «itli  nurow,  not  iadicaUd  htn. 

5.  Tbc  GooiiccUvc  tiMUc,  or  iatfTiul  pcriocUmn,  between  the  two 
laienl  hdtM  of  the  oueoiu  naitil  cNit. 

ft.  Ctrcrnou*  tiMue,  witb  luge  rata  in  tmu*ene  seclion,  of  Ibe. 
oulcr  or  UUnl  vtiU  of  tlie  org«a  of  JicobMo. 

7.  Alveuli  of  Ihe  tierou«  r1>oi]»,  cut  ta  farioiu  ibrealiiMu. 

S.  The  ciliklcd  cpithelimn  lining  tbe  UlcTkl  wbU. 

0.  tliG  U-Titorj  epilbeliuiii  tiaiug  tlio  uieilun  «sU  of  tbe  organ  ] 
Jacolwini. 

10.  A  Urfcc  clianoel  in  tbe  cartilage,  contaioisg  Bcrre-bundlea  uul 
blood- rcudt,  in  tranJi>cne  tMtion;  the  Ifttlcr  Kre  tb«  emptjr  dr 
tbe  former  arc  &\kd  «iih  tbc  ncrvc-fibru  trantTerwij  cut. 

Fid.  3.— From  ■  prepanlion  timilv  to  Iktt  dnim  in  Fig.  1,  sitoiriiig 
part  or  tbc  teiuor?  epitbelium  of  Uie  nediu  wall.   Magnifjing 
about  330. 

1.  Tbc  «pit,Wlial  coll*. 
3.  Tbe  KDtor;  celU. 

3.  The  fibroui  tiMuc  formiog  the  most  niperilcial  bfcr  of  tbt 
mncoaa. 

4.  A  minute  bundle  of  aerre-fibres. 

Fio.  i- — P&rt  of  the  Mnsor;  epitbelium,  u  »wu  wttb  «  bigh  |>ower,  ak 
660. 

1.  The  epithelial  ceils. 
3.  The  seasorj  cell*. 
3.  Tbe  minute  prnjectiona  of  boih  tlie  cpitbolioJ  ud  tcatorj  cell*. 
*.  A  point  wliera  tbe  wnsory  crlU  rosch  lerj  uear  lo  tbe  lurfiuse.  j 
tn,  S. — From  a  preparation  ilmilar  lo  that  drattu  in  Fig.  1,  ihowing 
junction  of  Ihc  mcdiaD  and  laEeral  wall  of  the  organ  of  Jacobsou. 
1.  Part  of  tbc  mcdiaa  wall. 

5.  Part  of  tbe  lateral  wall. 
3.  Tbc  duct  of  a  icrooa  glaud. 
+,  Venous  blood- vcisda  in  tranxtcne  toction. 
S.  Tbe  inucotia  of  the  median  nail. 
C.  The  alveoli  of  the  aerous  gland). 
7.  Tho  boundary  of  tbe  outer  cartilage,  not  included  in  the  drKwingT 
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TkL    OP    MICROSCOPICAL  SCIENCE. 


LANATION  OF  PLATES  VIII,  IX,  &  X. 

ing    ProftMor   LanVester's    Memoir  on    "Intra- 
JT  IHgcatiou  and  Eudodcrm  of  LimDocodium." 

PLATE  VriL 

S.— Portion*  of  Ihn  in^-ilirc  mdndrnn  rrom  the  pixnimil  end 
■Mlric  lulir,  thowJQf;  Biven  n(iicRllul>r  orKaniimi  cmbrddcii  in 
aio|iluiniio  eelirork.  Drawn  from  a  liviuf;  BiMwimen  m  teca 
[artnack'a  10  imuertion  aud  oculiir  4. 

ictei;  i.  graonlta  (iccrclioQ-prodiici*  P'l ;  x,  iftminl''  tUr-A  «ilh 
t>  of  diitnlion  Rna  brolEHi-dawn  rrmiiini  i>f  a  I'rotococcua  | 
iailj  digtsl«d  Protooood;  t,  Protocixciu  mA  fiuglcna  rtctnily 
4. 


PLATE  IX. 

irlion  of  Ihe  ingf^lin  endodcrr^  Trom  Ibc  proiimat  end  of  Iha 
Mb*,   afUr   tnstmcnt   villi    osniic   acid    Aud    jiictvcnruitua. 
ick*>  10  immcraion  >ud  nculnr  1. 

iiefci;  t,  RToupa  of  refriiiftent  subiUnce;  e,  piendormdU'tila 
tea  of  Uie  protopluni;  i/,  IralKCulii)  cv>on«CtinK  Dei^-libr>uHn{( 
Maes;  e.  vacuole  filled  «illi  coaifiiUble  niaUrial,  whioli  iiinius 
inUM;  f,  iutcroelliiUr  ipaco.  The  ondodeim  it  in  the  fucni  of 
■  Dcahvort. 

timiltr  farn,  ihotriim  dark  pigmented  granules  in  the  wall«  of 
^  racnola)  {*). 

ral  patrio  mdodenn.  from  tlie  lame  ipccini«a  as  Uiat  from 
IIm  proumal  (pittric  Giiiiudcrni  ot  figs.  1  and  ^  in  lakeii. 
ictd;  t,  fall-Mied  Mcretion-oclls  (i^oblet-ccll*)  i  i/. iulcmllnLir 
iln  (rrame'Ork) ;  /,  inlnrcclltilar  npfli^i^t ;  g,  adT«aliliou»lj  eiu- 
I  noniatocjala ;  i,  jaunft  lecreliaD-cclla. 

la  tuae  piece  foenawd  to  u  to  klia«  Iho  surface. 

e  iwktd  mde  of  ibe  lar;^   secretion' ecila  ;  d.  the  intirrecllulnr 

lee  ooreiing  in  tlie  youu^er  oeila  uiid  perforated  bj  tlie  lainer 

pieoeof  Uie  ptoiunal  or  iajjettive  Raatrio  end'ulenn  from  noolher 
en.  la  «Uob  tlw  onl  gattno  endoMCin  prvMolol  ibe  appuranoe 

igceted  Prot^teooea*.  Olbor  letl<:ni  a*  in  &x-  1-  Tlic  cndoderm* 
■e  Korgcd  willt  Use  gnmules  and  llie  interceiluUr  ipocca  neari/ 
Ota. 
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EXPLANATION   OP   PLATES  XI  AND  XII, 

luBtratiDg   Mr.  P.  Herbert  Cnrpcntcr'a  paper  on  "  The 
Minute  AnHtoniy  of  th«  firechiate  Kcbinodermt." 

^^,^  Tlie  foUoviBft  letlon  denote  Uu;  uim  pub  in  all  tho  6f(u.m  of  both 

,11.  ft.  JLbonl  blood-Tucukr  ring;  d.  «.  unbttlunl  epitbdiom ;  a.p.Kx'iai 
crilticiul  CMuI ;  i.  ndi*l  blood.TeMcl;  6./.  ita  bruobo*  to  the  sacking 
^«ot ;    i.  m.  hnootl  nenlmae ;  C.  cvlom ;  <.  a.  ooJoin  el  Ibe  anna ;  t.p. 
cntnil  ptexua-.    £  epiUtelnua  of  boil;i    0.  gut ;  y.  blood  tpftoe  around 
•«mUl  riaiiid ;  ;.  r.  geiuUI  Te»iol ;  i.  jv.  iontT  oral  petihieiDal  tlDg-canal ; 
',.  lip  1  it.  noulb  ;  m.  i.  intomdial  innK^G ;  x.  radial  truok  of  the  amba. 
laoral  Btmona  ijitUD ;   ».  r.  its  oral  ring ;  o.  b.  oral  blood .vaicular  ring ; 
^.  p.  o>atcr  oral  peri^enil  rbg-onal;   oe.  oitxy-,  /4.  pcrihKmnl  ipacn; 
w.  p.  radu)  pctihmnal  can&l ;  i.  aannlai  leplum  in  otal  pcrihiKmal  canal ; 
■•  e.  itwiD  emu] ;  tt.  radial  valcr-nsiel ;  tr.  r.  waler-Tasculnr  riog. 
Tli«  follffwing  coliynrs  arc  used  for  Ibe  same  part*  in  both  Plalu : 
Bed,  Uood-raicnlar  sjatcm  i  jellow,  anbulacral  ncrrous  a^Bteni ;  grMH, 
-w»t«r.T>«MUr  ijileiu. 

PLATB  XI. 

Aratout  Of  im  STAUisms  akd  OrBinBUM. 

AH  tbo  fignits  ui  tkia  rut«  are  copied  from  Iiudwig.witb  ^i^t  alleia- 
Uoiu  in  tht  oolonring. 

Ti9, 1.— Diagras  oT  Uio  blood- vaioiilar  mtcsi  of  aa  Opbiiirid,  as  ima 
tnn  the  <lorwl  ndt.  Tbe  oontoon  of  tbc  dise  and  anna  arc  indicated  bf 
dark  tiaa*.  nd  the  radial  rtu^  b;  dotted  lines. 

«.^  Intemdial  portioBa  of  the  aboni  bbjod-Taicobtr  ring,  wbkb 

rot  on  tbe  niotdJi  iliielda ;  a.  6,  deaoending  timba  of  tbb  ring  at  Ibo 

aidea  of  Uic  rars ;  «•  ^i  radial  poftiacu  of  the  ring  beoealb  tM  radial 

sblcUi ;  ft.  c.  bunal  tMl. 

Fta.  9.— Diwaai  of  tbe  Uood-nMnlar  ajaten  of  a  StaiAali,  baaed  wmb 

MeparatMna  or  Jdrtptdai  mmuMkm.     The  podtiona  of  Uie  foloifOTD 

loUa  are  indicatod  by  I |. 

p.  t.  Pleiifonn  Tascular  bnadjta,  proceediaB  to  tbc  wall*  of  the 
alomach ;  c.  dorsal  l«rnainal  pOftJoo  of  ibo  ccatral  plcxoa. 

Fio.  3.— Diagnn  of  the  atmelsre  of  a  Starflsb  arv.  Tba  outer  vail  oj 
the  am  i>  tM  tnin  in  ^portion  to  tbe  sUvctoiea  in  tbc  ambvlaiind  groove, 
tbe  ralative  ito  of  which  is  aoAcvhat  ciaMcrated.  On  tbe  left  of  Uw 
dotted  liac  XV,  the  leclicoi  paaiea  thrDogti  lu  middle  of  a  Tertebra;  wUla 
on  tbe  nDht.lhc  *eclton  panea  between  two  vertebrs.  Tbcpjtorto  cKcam 
u  onitted  (rant  tlio  left  tiiio.  and  tbe  niutal  glaad  frooi  the  right.  Tbe 
upper  and  lover  tranarane  snaeln  of  Uie  ndebra  are  repMaentcd  on  tbe 
left  aide.  Tbe  tnner  layer  of  tbe  integuneot  b  linplj  abadtd.  and  tbe  ODl«r 
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DESCRIPTION  OF  PLATE    XIU, 

Illuatrating    Profeaaor    Lftukeater'a   memoir    "  On  Yooaj 
Stagos  oE  Limnocodiam  and  GeryoiuK." 

All  the  Sgvrct  were  dnwn  from  tlie  tame  embrTO,  in  the  Ifring  wwmBm 

Fte.  1  ubvwt  the  vchrn  [»)  retnctod,  lo  u  to  eipoM  the  aarfaoe  o(  tk 
praumbnl  lid  [c),  wUh  U«  ccntnl  pctforalion  (i).  K%fat  tentMhi 
«M  pMoent,  fow  per-radial  [I*)  uni  Tour  adndial  (^) ;  ibo  tvn  ■■«• 
ginal  bodin,  one  of  which  oulj  (of)  ia  wen. 

Fi«.  3.— Deep  optnd  faonBonlal  KCtien  of  tW  nme  Bpedmaa,  Bbowioi : 
«.  ectodtnn  of  the  ■baotbnl  wrfMt;   i.  the  four  radU  niwrii: 
e.  cotodcrm  at  the  nuanbriuMj    J.  endodcnB  of  tte  munbitei 
«,  itmled  mvienltr  fihna. 

Fio.  S.— Sanilu  new  t«  tU  o(  Fig.  1,  with  the  Tttum  twv  exptaiti,  H 
that  the  ftM  muxini  of  iu  foU*  mod  at  the  ccutrel  rccton  (aji,  mi 
eonpttUtr  <0T«r  ia  the  pniiolinl  Ud. 

of.  nugiMl  bodj  (twtaouloojnt). 

Fiat,  i— S. — Two  viem  of  the  tdao  in  diffcnnt  conditmu  of  ua^ 
traction. 

<*.  Trte  maigis  of  the  tcIcb  i  f ■  pnniinbral  lid ;  of.  ttNtaoolocjiL 
Ito.  S.^Bola^ed  drawtng*  of  one  of  the  two  tcntacsloepts. 


f^OU'., 
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Fiji.  1.*,  3,  4,  and  7  am  drawu  nmier  ■  .       „  , 

o*u  IC ;  G^.  5  Mill  6  Udder  one  of  abuut  50 ;  fig.  S  ^wa  uaAa  one  4 


EXPLANATION  OF  PLATES  XVI  &  XVU. 
Illiutrattng  Dr.  Kleio's  paper  od  the  "  Oi^gaa  of  Jacobson." 

Atl  G|[um  are  drawn  vitb  tbe  ramea  IncidA. 

nn^ifjisg  power  of  a  liUk 

about  390  TG]^  9  ud  10  under  odd  of  about  30. 

In  Sg«.  1,  3, 3,  i,  5,  6.  and  7  tbe  numtxin  Iiitc  Ike  (oUovlng  nwankcr 

1.  Tbe  «utilaj!e  of  Uie  dhmI  leptum.  9.  Tbe  oarlilage  of  lie  bmr 
turbinated  noM.  Sa.  The  osnecius  sutittanM  of  tbe  lower  ljnti> 
nated  bone.  •t.  Tbr  oitilnKo  of  JscohMU.  I.  Tba  Unrer  bmiI 
furrow.  6.  The  naio-lnclirvmBl  duet.  6.  An  alTDolw  eavrlj  ia  tta 
tcperior  maiilti.  7.  Tlic  liune  of  tbe  supetier  maxilk.  8.  Ita 
cpithcUiim  coveii&f;  tbe  muroui  metnbraae  of  tlie  Baal  Mpt^ 
9.  llif^  Fpitlielium  (^ortrriiij;  tile  niuoou*  nnnbrane  of  tke  lowtr 
turbiuated  bonu.  lU.  Fat  liuue  in  the  nuddU  line  of  IIb 
superior  maiilla.  U.  Oaaeoiis  aubslanoe  arawid  tbe  JaoobMa'i 
cartibg«.  li-  Tbo  moulh  of  tbo  organ  of  JaoabMB  in  Cftt 
comnHuticatioB  tritb  th«  load  iiMal  fumnr.  13.  Tbe  otgH  4 
JaoobMU  alrtfldtr  a  cloted  tube.  It.  Tbe  hir  nj  xr mli  «!  lb 
earemaut  tiune  in  tlw  lat«ral  wall  of  Sieabaoa't  oqtui.  It.  Hn 
gU»d  alvMli  in  tb«  wall  of  Jan^xou's  organ.  10.  'Vte  nutim 
sabatanoe  of  tbe  criaU  natnlia  of  tbe  Mpvrior  nuUla.  17.  SfM 
contaiuiBg  tbe  bvadlc*  nf  tbe  olfaotot?  ncm  supplju^  Um  orpn  d 
JaoobMU.  IS.  Vcnoaa  plexua  near  tbe  ftpHbcbnu  luitag  Ibn  smo- 
ladtrrmal  daot.  19.  Arterial  veweli.  10,  Tbe  time  of  Ibe  «iD 
of  tbe  daoL    SI.  A  Jjnpb-folUele. 

Pis.  S.— Prom  a  tongitadtnal  seetioa  Ibroagli  tbe  a^  of  tl>e  DaMf.lacb7Ml 
dnct. 
1.  Tbo  itraliScd  edamnar  qiitbctiuni  lining  Qm  isoer  caitlf.    «.  Tk 
Miptrflcia]  cylindrical  edia.    t.  Tb*  dmp  mall  celli.    e.  Tha  iuta. 
qHthdialeatiliescoetainiiif[aasaiMlca{>illu7blocd-vaaMla.  t. 
Mb«ptlbelbl  lajet  of  oo«necli(e  liwuc.    .1.  1  juk'  vrina  in 
forming  Uie  "  Ml»-c|MtbelUI  veuu^k  piexua."    4.  Tlic  tiMon  of  tW 
outer  {lart  of  tlte  will.    5'  An  artei7.    4.  A  Ijnipli.faljiele.     J. 
Tcia  in  trananne  lactiun. 

ttU.  t  and  10  tn  itaarrenB  wciiajii  througli  tbo  84aMitiaa  dnola. 
meaning  of  tbo  letters  it— 
*.  Anterior  wait.    r.  Potteriot  wall.    n.  DIood  ttaeh. 
noniin  cartiUgr.    a.  Tlic  atralifitd  (Hnnicnl  epilli 
Cbfona  tiuue  of  Ibe  wall  ift  tbn  duct,    *.  The  laown  of) 


^i.A/i 


JOUBNAL  OP  MICROSCOPICAL  SCIENCE. 


EXPLANATION  OF  PLATES  XIV  &  XV, 

-llastrfttiag  Mr.  Edmund  B.  Wilwa's  paper  on  "Tht 
Origin  ud  Significance  of  the  Meumorphoais  of 
Actinotrocha.' 

■^lo,  1.— Vef]r  roug  Actiiurtroefck,  latenl  view. 

i,  hooa :  »,  iBoath ;  il,  rimauit  i  *,  tamt ;  ■*',  ^,  rodfaMala  of 

Tig.  2.— Veolnd  »iew. 

LetUn  u  before ;  a,  anopbaRv. 

Fio.  S.— OUer  Inn. 

Letters  at  bcrote> 

ne. 'l.—Older  Itrtii. 

Letten  ai  facfbcc ;  «",  n".  «*,  «*,  «*,  am*,    lleie  fo«r  fignrea 
copied  fnim  HctMbiukoff. 

Tin.  8. — SlUI  older  Una  ot  «peci«a  "  J,"  from  ClwMMakc  I!>*;. 

f ,  Tontnil  pouob  ;  i,  ialmtiae ;  a,  r,  pncaaal  ciuattd  belt ;  r,  donal 
rencl ;  cor.  naM  of  pund4iMaal  corptietta. 

Pio.  C— Oppoaito  nem,  luaoiee  *'  ^." 

/,  itluclnlar  lobe  oi  alooacb ;  e,  Mcal  appendage*  <A  pw«d<hiemal 
■jntcn- 

Fi6.  7.— VciUral  Tie*. 

0,  opdung  of  ponofai 

V».  6.— Mach  later  »lage :  latcval  I'vtm. 

fit.  9.— SanK  itago ;  donal  tSew. 
p,  donal  veatcL 

Fio,  10.— -KaU-KiowB  larta  of  B. 

r,  conical  elerslioa  of  bood;  /,  a,  radiinailtB  of  pcmaMnt  ttsbKila. 

FlO.  LI.—"  Critical  ttaRn,"  (pede*  B. 

b,  i.  ihtoat  auMoMooa  bttveea  powh  and  iateitiiie. 

nc  IS.— tmtnednloljr  atler  netanMrpboais,  apeoiea  A. 

Tin.  13.— Twrntj-foui  kooa  latef. 

Pie.  U,— TVcBtj-two  daja  later. 

a.  teDtu-Ja  i  tp,  episloott ;  m,  month ;  if,  btMliw;  it.  tlamacb. 

Vim.  Is  to  19.— Pioirramt  to  IBualnte  tlie  uHamDrjiliaaU. 
US;  f.  ponrh. 

Tin.  S'  I  om  Nortli  CaroUaa. 


JOURNAL  OF  >nCROSCOPICAL  SCIENCE. 


DESCRIPTION  OF  PLATK  XVIU, 

Illustratiug  Stirgeon-Mujor  Citiiiihifclinnt's  ^Icmoir  on  tlie 
"  Devclopmcut  oi  Certain  >l  icrosoopic  Orgatiisnis 
occuning  in  the  lut«atina1  C»na1." 

Vic.  I.— Pedinllote  tporuKU  of  Piotouijsoojott).    x  M. 

Fi^.  3.— Raptnmt  spAnngiam  vitli  atma  of  etcaped  tpana.     x  00. 

Plu.  3.— I'odioti  D^  m  immalurv  »ponncium,  abowiai;  its  fonnattoa  bj- 
■Kgregklion  o(  ainicboid  bodiM,  aaaMfiie  tomed  tpon*.     X  180. 

pio.  4.— AbttOtiMl  dtndnlic  form  of  sporuigliun.    x  4i. 

Fto.  B.— PorlioM  ot  oaa  of  Ibe  bntncbei  of  a  dendrilio  tpoiruiKiun  Uiowing 
eeptahiod  ajiorcs.     x  ISO. 

Flo.  6. — Sporaagiil  metabnae  ttii(I<M  «Ub  orgsnie  Giaoitlu.     x  lOTD. 

Flo.  7. — BiooDctvo  (potca  tnxB  a  matare  di;  sp'^migiuin.     x  lOOO. 

Fi«.  S.— (a)  M>tiue»(>oreiaiia1ntiv«  fluid  1  (i,  c) ciuerBcaoe of  AK<cb«liii 
from  HmtUr  bod  icf.     X  lOOO. 

Kc.  9.— Fraloninooicclo  Aambo:  in  difcrtot  atogta  of  den-bpmeut. 

X  WOO. 
Fn>.  10— PoUj  devdoped  Annbi.     x  1000. 
Flo.  LI.— A  »iniil«r  badj  shovioj;  tafadiTuion  of  uncUdas.     x  lOOO. 

Fic.  13.— Poition  of  sporuipuin  conUiaiMt  fwifoirin,  swtMttd  *eoKt. 

X  1000. 
Fh>.  I}.— (a)  UaM  of  fiuirona  »norta  «s  Ont  eipcUed  from  a  iuptttre4J 

tporaagnni :  (6)  iDdiridaal  »por»  aflci  tolutioa  of  ibe  Bib^noni  j 

iaratbfc  >ubitaiK«  of  tbe  ntaa.     X  10(KI. 

Flo.  11.— Ur|terigg7c«atBoffii»ifotiii>poie>.     x  tOOO. 

Fio.  13.— StrachiK  of  tbe  nacleiu  i«  a  fvUf  dcTCloped  Prolomfsomjette 

Anttba.     X  1000. 

FtG,  Ifi.— VariiMi  lUcu  in  lb«  derelopmcbt  uf  faHform  tpotia  in  nuuitjre 
Oaid,  tbowific  the  tramtltoo  tkrongb  tbe  monad  to  tine  unehal  coa- 
ditioa.     X  1000. 

FlS.  17.^Virio«t  formt  pretested  bj  Pratoiajrioatjccle  loonwfw  md^ 
pToMu  of  nulliplication  bj  Iransteree  diriuoo.     x  1000. 

Fio.  IS.— ZdospoTM  fro«  bnnao  excnrla.     x  1000. 

Fia.  I'i. — Large  amoAal  forat  in  liuuian  extrcla.     x  lOOO. 

Fio.  20. — Sftotoid  cells  developed  from  am  AoKcbe,  iritli  rcauinsof  Hie 
parent  body  ai  a  {elaliuov*  iaveslmeot.     x  lOQO. 

Fl9.  II.— Aggregate  of  ifotoid  cells  is  a  nltintioD  of  bunas  a«reta. 
X  410. 


JOURNAL  OF  MICE03C0PICAL  SCIENCE, 


EXPLANATION  OP   PLATE  XIX, 


niartntiag  Dr.  Sehimper's  Paper  on  the 
meat  of  Starch-graiuB." 


Dereb 


la  all  CMCt  tiio  Btoifiriig  power  it  8fiO  ditmclen.    Tte  cUonpbjK 
ooqiwdw  u*  mora  oariuj  •kued  thta  tb»  IsiiMpbjIl-oorpuicki  or 
>tftK!n-nnnui2"Corpiucn>< 

Pics.  1—3.— From  the  slcni  (pitk)  of  FoKtlla  ftoBi/iilia. 

Uttie  stared,  ralkcted  round  the  mcleiu. 

Pig.  9. — A.  mora  ftdtaaoed  ittga :  tfce  GUarophjU-«orpBMl» 
nov  tphcriol,  a»d  ooatain  nnmerous  aUidMniat. 

Fif .  3. — Hatnr*  »ttroh.ftun« :  the  cUotophj'D-aorpiiKlm   fan 
DOiT^  ot  Mtin};  ditappcuvd. 
PiM.  4,  6.— Pnm  the  ootti(«l  pueBtk^iBk  of  tho  tttm  of  PkUodoAv 

Fig.  i.— Vonag  flattened  chlorophyll  •corpnicla  wilfa  anull  ftwdk 
grauu  atlached  to  their  tnrracot ;  ««on  oa  tM  tarface  and  io  proltle. 

Ft|[.  S.— From  an  older  cell.    The  origniaUj  free  ilarcti-irrsui*  W 
beeome  adbeteat,   formi^  oonMiuul  sraiaa:   tLe  chtoroplijtl 
P«mIm  a»  npccMntcd  bj  a  nuU  gdatinow  neictae. 

PtOB.  8— S.— Pros  the  pitk  of  Ibe  ateaa  of  Ptptrama  itmeema. 

Kg.  ft.— Tonng  ehlorc^ byll-Dorpwolee  of  a  l«tt«ud  rorm.  wU 
•Mdretai^-gnin*  projcctiog  (roin  liie  aurfaco ;  teca  on  Iht 
wd  ia  Moile. 

f  i^.  7. — A  oMre  adranead  atage.    Matt  of  t^e  aUrdi-graiBS  ban 
now  a  dutincl  hiloin. 

Fig.  S. — Lame  ataRfc-gnint  (ton  an  oldei  eell ;  m,  wdlb  a  , 
ttnOiu  cbloropnill-OOipuado  altaebed  to    the  pottcrior   enU ,  ~t,  . 
atarob-grain,  vith  tvo  dilon)ptiTU«iqni8Cloa>  in  ooawtiiieMM  of  whai 
it  has  grown  Mpcciall;  in  two  oitactiMia.' 

FiM.  9. 10.— From  the  pith  of  the  item  of  OxtOt  Orlgittii. 

FiK.  9.— Froai  a  jonng  celt    A  aim^  flattened  itUotfipliTll 
poacto,  aad  others  in  proceH  of  dinuon,  wrth  tntall  ^tanb-giaiai 
pndecting  fnai  the  aur&ee.    Seea  from  abore. 

Fir.  10. — AlargeaivGh-gniii,withaiiUontpb;n-eorfniadsatljelM 
to  it  poiterwil;. 
Pioa.  11, 13.— From  tlie  pith  of  BtftnU  otadM*. 

Fig.  11.— Sarfaor  riewof  fonog  ttatwakr  oblorepb;ll.«0(p«KlHi 
with  •tan:h^r"><'>*- 

Kg.  19.— 4!>l(i«r  ttanb.gnutt*.  with  chkiropbjll-earpoaeU*  atlaiit 
lo  tiwir  putnior  anda. 
Ft«.  13.— Fram   the  eortioal  parenehjrBi*  iif  Uie  tlein   nf    ftjffalili 
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OF  PLATE  XDC.— Owfinnf. 

•(ill  large  iu)<]  eonH»tont,  Knd  appear  (a 
tho  sUrch-gnuu  on);  kfter  tuue  had 
ClUoropbrU^oorpaiclM  dertitnta  of 
those  vbicli  oontmn  il,  and  thev  maj 
by  the  diTJiiou  of  tiie  Intlct ;  Ihia  Titw 
at  ocouimncD  ol  doneatod  Torma  (we  alio 

,e8). 

of   tlic  >l*ra  of  PiUodimdr^H  ^naidi- 

with    ncwlj-fofined    atarcli-rormiiig-cor- 

I:  the  corpuiiclM  ar«  covered  with  amall 
nuclei  turroucded  bj  curpuiclca  u 

I  Af  the  rhiiome  of  Amomum  farJamnniim. 
Jls,  with  aix  itaroli'forniiug-corputclca. 
^eorpoKlcs  vilh  vcr;  sntall  tlaroh-gnlna 

snelenx  and  »tatch-gniiii«  ;  lo  ibc  poi- 
h-fonninfi-coipiisclu  are  allached. 
-graini,    with    itarch-formtiig-cDrpu.iolca 
euda  ;  a,  fresh,  i  and  c  treated  wiili  tiuc- 
tati^  the  corpuiclcs  are  very  delicate,  and 
V="y  in  the  frah  stale. 

Lina.  The  coRiponcd  grain  lint  been 
of  two  gnunt,  which  were  developed  nt 
'  -formiiig-corpuaela. 

I  iMnmchjina  of  a  jouog  potato. 
r  iW  external  cortei,  with  vety  tmall  ttareh- 
I  abont  the  nuoteus. 
(-coqiaaclM,  irilh    yotxag    slvoh-^nuiia 

E-aorpiueies,  vilh  Urge   and  disttnetly 

1  of  3t4Uaidryttm  nmenfarpniH. 

lis  vitli  panctal  noclci,  and  a  thin  lining 

-'-rrJi-fbraiinf[-oarpuiele«  nie  in  procea*  of 

'■erical  protuberance*. 

the  peripheral  portion  of  the  endoiperoi : 

:  are  fallj  dercioped,  but  coutaia  no 

iihtrioal  at  it,  apiadlc-ahaped  at  i,  cod- 

(tarch-graina  bate  become  larfter  and 

ii-jnini,  whieh  hare  been  formed  bj 

"1  of  Brtu  Ingjna. 

■■-TI'aKlei  are  unnierou*  in  the  proto- 
l>%4  to  in  other  piTl». 
'■el!  villi  corpuaclef,  iliortljr  before  Iho 
■    ilardi. 
I  .-h-^in  from  a  scotlj  ripe  KctL 
'  \tt  root  of  Piajm  gnHJifolim  {Bl- 


EXPLANATION  OF  PLATE  Xl\.~<hH(mui, 

cUoroph]rII-oor|iD»clc(  ait  (till  lirgc  find  conibtifat,  and  Kpptaz  to 
liCTc  co«M  iato  coctMt  with  the  itBrch-gmiua  onlj  after  tliMe  liad 
■ttaiscd  a  oonaidcnblc  u».  ChloroplijIl-coTjiutcUt  dcstitut*  ctf 
■tank  are  aecn  Ijing  near  thou  which  contain  it,  and  Huj  mt^ 
vouSUj  hktt  been  fonned  bj  the  diviiton  of  ths  l*tt«ff ;  th^  tmv 
It  suppO<t«d  bt  the  frequent  occurrenin!  of  elongated  fomu  (Me  dw 
Tr^  /N.  cil,  plat«  Ti,  fig.  6S}. 
FiG^  U,  IS.— From  tii«  epidenoia  of  tbe  itcn  of  PUhdfMJnm  cnrnk- 

;.  14. — Toug  ccUa,   vitb   iiewIj>fomied    rtareli-roraiing-eor- 


Fie.  IS^— «,  Ml  older  ita^ :  the  corpiuclei  arc  cmtni  with  iomU 
>tan£-gn(iu;  i,  tiro  p«netitl  nudei  mroaiidcd  bj  coipuacln  u 
'a  a. 
9ta%.  16—30. — Fran  the  pith  of  tbe  ritiaome  of  Amomuu  eaniaMtmwm. 

Fig.  16. — Veiy  yomijt  edit,  with  ns  starch*  foiming-coepatcle*. 

Fig.  17.— Starch' fonning-corptUGleft  wtlli  rttj  nnall  3tardi-||7aim 
near  the  nuclna. 

Pig.  IS.  Young  ttU  with  nvcleus  and  atueh^gtaina  i  to  the  pos- 
terior enib  of  tbe  latter  atarch-foraii^-curpiatolw  an  attached. 

FiK.  19.  —  Oidor  ttardt-frtim,  vith  starcb-forminB-corposclea 
attaacd  to  their  jioatetior  tmis  -,  a,  freah,  i  and  c  trcatc-d  viui  tine* 
ture  of  iodine.  In  thia  atage  the  corpiucles  are  veij  dclicntt:,  and 
tsn  onl7  be  sera  with  diffieultj  in  tlie  freah  alale. 

tif.  30. — Ufttnre  »laTch.f;nuna.    Tbe  eonipoiuid  ^un  liuj  been 
formed  bj  the  coaleicence  ot  two  grain),  which  were  developed  at 
oppoiite  points  bj  the  »tue1i-(onniug-corpu«iles. 
Ftoa.  SI— 33. — From  the  cortical  parenclijma  of  a  jowag  potato. 

Fk.  91.— loung  OeU  of  tbe  oxIcnuJ  oortox,  witb  verj  small  starch- 
fonniiig'Mrpntelea  eellected  about  the  nudcna. 

F%.  2S.  —  Bttroh'fonntng-corpiuclet,  with  jonng  atarcb-graini 
VMM  Iht  neleiii. 

F^.  93.  —  Slarch-fomiog-corpnaetca,  with    large    oad  diitittotl; 
at  ratified  ttairh-Kniin*. 
FiM.  3t— 29. — From  the  csdoiDenn  oF  itrlandiyum  maentaifKm. 

Yip  31.— Two  jonitt  edit  witb  parietal  nuclei,  aud  a  Uiia  liauc 
lajcr  of  protoplasm.  Tbe  ■tucli-formiiif'-corpiiiiclcs  arc  in  prOBti*  M 
■tordopoMnt,  and  form  benispheTtCiil  )>rQtnbcrancc9. 

F^.  95.- Xoungcellt  (ton  thtperiplicrnl  portion  of  tke  eBdoaptrm  : 
tbe  »t«reb-ronutng-corputcl««  arc  fuUj  dereloped,  bat  contain  no 
atardi  a*  jet. 

Fig.  SC.— The  oorpusotta,  tpherieal  at  a,  spindle-shaped  at  b,  ooc- 
lain  minvte  grantilca. 

Fig.  Sr.— A  later  *ti^ :  the  ■(aitk-sraios  bav a  bwoaa  larger  and 
woro  nvsaeraua. 

Fix.  98.~Elcngated  stardi-gnin*,  wkieh  hare  been  (brmed  by 
•pinale.ahkped>corpiiadB). 
Flos.  30— 33.— From  tbe  cndoanerv  of  Btl*  tnggna. 

Fig.  3U. — SooDg  cell :  tlit  corpuKln  are  ntinwTott*  in  tbe  protc- 
plaam  around  the  ii"rV --  --.'.  Iom  so  in  other  part*. 

Fig.  31.— A  soiii  -  cell  with  oorpuMles.  sbortlj  before  (be 

CO^cKDcemenl  n(  <;..  .....u^^.^u  of  sttiicli. 

Fit;.  33.— Maluie  compound  slarcb-gnin  from  a  Marl/  ripo  xrcd. 
Fioa.  3a — IS.— From  the  lober  aiid  the  root  of  Piaju*  gnudifyluu  iSMia 
Taniirnllim. 


EXPLANATION  OF  PLAIT!  XIX.— CWikmA 

Vk.  33.— From  tlie  piUi  ot  tho  not ;  jroii^  DOfptisdn  taBeOt 
nam  ihe  nuoUus. 

Fig.  34. — Frctui  Ihc  aunt  kt  >  tomewbtt  later  riagt  :  iB(wt  of  U 
COTDUtclcs  contiin  minute  aUrcli-|[rKii». 

rig.  3G.— From  Ihc  f%me  ■.  the  oonwiclcs,  wiiicU  ho.u>  beoone  n 
■haped,  bcitr  triftnjpiW  stveh-ffniM. 

iig.  36. — Fran  the  tame ;  luge  «tateh.grtuu  villi  cnrpvadM:  i 
tUs  atage  Uie  oorpuades  are  detiokle,  and  na  onij  Its  wdl  icca  afb 
trealmant  wiii)  iMinc. 

Figs.  37.  3S.— From  tba  jmuDg  ooloarltn  tubar:  ataroU'fanniDi 
cotptticlct  beiriR)!  ttkrch.(cniinx  collected  ronad  tiic  nuclcii». 

Fins.  30,  M^Froin  the  umiT,  at  a  later  itagc. 

Fijt-  ii- — FnMn  Uie  aame:  tiie  ptcftaralioBlia*  bun  Imlcij  wti 
iodiae.    The  poalctior  end  ot  Uu  ■tanili*naiii  b  iututcd  bj 
pclatJDOua  tubtlaocc  which  oolj  beeouits  riuble  after  Iruametit  wit 
lodinn. 

Fig.  43.— From  tlie  apical  {lorlioii  of  the  tuber  utter  H  baa  beoota 
gtttn  :  Ihe  rud-shaped  chlurophvtUcorpuacks  beartiifc  aiaalJ  ataitl 
grains  are  collcct«d  about  the  uucleut. 

Fig.  i3. — From  Ibe  aame:  olilon>pb}LI-cur|>uHle8  bcaiing  starch 
Ktaina. 

S.  44. — From  the  lamo :  coitieil  odi  ooaluiUDg  clihin>pltjU>«ai 
:»  and  miuntc  tUrch-graiaib 

fig.  4&.~Froin  the  root  wliieb  lua  bc«o»e  green:  cUorqdqi 
corpawlcs  bearing  tUrcli-gnioa. 
fiGS.  46^3.— From  the  path  and  the  cortical  {ureiichjiiui  of  ibo  ibiioai 
of  Ctmia  gigtnUa. 

Via.  16.— Vcfjr  joanf;  cell  of  tbe  pith,  with  Btarcb>forpUDg-«of 
puKwa. 

Fig.  47.— An  olkr  cell:  the  oorpusolai  dow  bear  alaicb ■grain*. 

Fig.  4S. — At  a  later  atage  t  the  corpuaola,  which  liave  heraoi 
awoUen  and  aomewhat  dongaled,  are  allac^od  to  tbe  poalorior  eada  « 
tbe  aUrch-graint.  La  the  iwoUoD  portion  ii  a  cfjataUohl,  wkUi  onl 
beoomei  viaibic  on  treatnient  with  vakr. 

Fig,  49.'— An  oMcr  atarcb^raio :  tbe  corpnade  forau  a  dcUoM 
DMnnn  along  ita  psatenor  bocdcr. 

Kg.  BO.— From  the  rhisome  after  it  tiu  liKome  green :  nudeu 
and  chloniplijII-corpuMlot  each  ooutaiuiug  a  cryatallaiiJ,  fioni  a  r 
ortheiiiuercortei. 

Fig.  Gl.— From  Ihc  tame:  cUoropb;ll-corpuaclea  and  tteck-gnun 
Irom  ibo  touns  pitb. 

Figc  bS,  is.— From  the  aamei  ^chloro^jrU-corpiDcic*  from  th 
outer  cortex. 
Fia.  S4,— Fnim  the  rfaiioma  of  €aiuia  dite^or. 

Fig.  54. — Cortical  ewd,  Willi   ipicdk. shaped  carjiuidea  Coatainiai 
crjatalloida  (probably  atarch-focming  corpute^). 
flu.  SS,  5G. — From  the  etiolated  aient  of  S^eiao  aatlhta. 

Tig.  Gfi. — l^aoopbjil-oorpuaela,  beanng  uoall  ttamh-grain*,  col 
leotcd  round  tbe  auclnii  t  Inm  Ibe  apcal  portion. 

Ftg.  &(!.— lirncopluli-oorpiiKlc*  wilh  targe  rtai^-gnini. 
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EXPLANATION  OF  PLATE  XX, 


mting    Professor    Ha;   Lnnkcster'a    laemDir   on    the 
^ppcndngCB    and    Ncrroaa    System  of    Apv*   ca»icrt. 

e  (Iftvits  tbe  Mleving  Itllets  have  tbc  »i)cnifieance  htat  ullkdied 

1-llrni : 

xii  or  cortn  (pBOntOtODtn:)  of  the  ipprniiajte. 

Jx*.  i'inl,  *«ooiid,  third,  *nd  fourth  BCKiiient*  o(  the  «oriil. 
A;fi,  iu  Fig.  7,  arc  the  cquinleets  of  Ax'  m  Pig.  8 ;  ud  JJ^  And 
■.  7  of  Aj^a  >-ij.  S. 
_  fig.  7,  a  tli«  ctioirtlent  of  the  Coxopoditb  of  hixhcr  CruttacM. 
iR  Fig  7.  »  tlie  eqiuTtlent  of  lh«  ButnwiTB  of  higMr  Cnutocn. 
Proiiiiial  «tidile  (proximal  lentral  iiHipliTii*)  or  gnathobase. 
Sccottd  ondile,  or  aeoood  vcatrni  apofihjsts. 
Third  oiditc,  or  third  ventral  apophjtls. 
ynnrtli  ditto. 

Viy.h  ditto,  the  RjIDOraiilTE. 

'  'In,  tlio  ExoroDiiB. 
njbo  of  the  corm. 
j<  '   .1  >. lUc  (ilorsnitpophj'ia),  or  llBbcIlura(EriroDiTx). 
I'liiimnl  riit.c,  or  bfoct  (bruichia). 
^- — \A  \\ir  fi^iiri')  niR  drawn  (o  the  same  scale,  ULCepttnii  t'ic*.  1«. 
7  a,  and  H.  and  at!  tlic  a{ip(^nda^M  are  Iboeeof  the  right  side  aeen 
Mntn  the  poBterior  face, except  Ficb.3i<  sad  4a.    Tbe  plumaie  tin* 
netcr  of  tlie  Goer  actie  it  not  leniKred,  eioqtt  in  Figs.  C  and  18. 
■   1.— Fint  prsorai  appesdan,  or  Ortt  atttcnDii. 
1 «.— Enlawd  view  of  the  tcnninalioM  o(  auolbn  )|ii!cia>cn  «iUi 
four  tcnninu  aet«. 

8.— Second  pncorel  nppcndif^,  or  iccond  antenna. 
3. — MaadiUc. 

.  3  a.—Mnadiblc  revolved  on  iti  long  axi*  («nl«rior  face). 
4. — Maxilla  anterior  piece. 
4>.— TbeMine  piece  ntTurud  (anltrior  face). 
|.— MuiU*  poMerior  piom  (enUbobue). 
-     MuiUip^ 

■Fint  (botado  fool. 
.'ir.^Bnlufcd  rievr  of  tbc  lixth  tBdilc  of  tbe  fint  tboraejc  foot. 
8.— SooeoaUrancic  foot. 
'8eTf9itb  thoracte  focA. 
lO.— >^rentli  Uioncio  foot  (ooai«KODod). 
Jl.— Pir«t  abdominal  (poal<seiiital>  tool. 

1!.— AbMraial  Ihiritetli  abooniinal  foot,  with  tvo  flabeUa  and  t«di- 
nieutuv  bract.  FC.  SecOttd  or  additioual  fltbellnn. 
13.— Firtj'seeond  ^donunsl,  or  sixty-third  Irwncal  foot  (stxtyaiitb 
nml  -oriJ  sppendago,  nxtT-cightb  or  lut  tpMadaae  of.Uie  esllre  »eiies}. 
>.  14— SclK  iti>ni  tke  afiopbvMs :  a  and  i,  Ul«rarand  full  vteva  of  tbe 
short  ulK  on  Ibe  endilea  8  to  5  of  tbe  appendi^e*,  dravn  in  f^ft.  9, 
\0,  latd  tt  (  c,  iaaga  MtR  ttwn  the  giutfaobase  of  tbe  nMixillipcidca 
and  the  margin  of  |£g  lub-apioii  lobe  aiid  flabelloK. 
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EXPLANATION  OF  PLATES  XXI  and  XXIL 

lllaatratiog   Dr.    Klein's   memoir  '  Co  the  Lympliatics  of 
the  Skin  and  Muoous  Membranes.' 


Fie.  1. — VeiticfJ  twtinn  lliroiifli  the  »cslp  of  the  dog)  the  iTinpliiitiai 
iiiTc  hncin  injcclcd  nitli  a  lolutiait  of  upltslt  tS  beuotei  Maf{ui[jiii^ 
powM  ttbout  ib. 

1,  the  mod  •npcrGcia]  WmphMict ;  9,  tha  Ijmphfttics  of  tbe  oiiddU 
strata  of  tlic  ooiium ;  3,  the  Impfaktics  of  tbo  bur-bulb*  snd  fat-celU  i 
4,  the  nubcuUiuwus  Ijiajihatics  ;  5,  Iho  Urge  eSerant  vcMcl*. 

Fla.  3. — Fioni  a  Loriioulal  icctiou  Ihroug^li  llie  ftca!|i  uf  llie  dog,  iliowin); 

Uie  l;iii^ljalio  of  the  l*;«r  1  of  Fig.  1,  oa  aeeii  from  llio  »ur[Mw. 

Uagnifjuig  poner  about  60. 
m,  nouibs  of  hair-follioleit. 
Flo.  S. — A  hoiiioQtal  view  of  layer  3  of  Fig.  I.  Uaicnifyiuit  jwwor  about  60. 

e,  trabwulw  of  oonneotiTe  tissue  i  k,  htur-follidw  aad  swetl-gland 
tubes  in  Usuavttic  aoctioa. 

Fio.  4.— From  a  boriiontol  (ection  Vhrooich  the  tiia  of  the  ciieek  of  a 
child  i  the  timphalici  had  been  iiijecud  with  aaplialt-bcDlole. 

t,  eooDcctiTc  ttnue  icpaisting  the  hl-lobulci,  and  eoDtaiadiig  a 
<laii»«  plfiiix  of  minute  lymphatics ;  /.  fat-cclb.  aud  belweoa  Utcn  the 
inlcroellular  Ijmph •channels.    Mi^iufjing  power  about  100. 

Fig.  h.—k  horiEontal  view  of  Itio  Ijnphslics  of  hjtt  3  of  Fig.  I.  SJa^i- 
fjing  powor  about  SaO. 

/,  fal«etli;  e.  £brou*  eonneclire  tiawe  aepsrstiug  tbe  ht-lobules; 
^lane  interlobular  Ijuipbatio  vbu«1  laLmg  up  the  intcroellular  trn- 

Fio.  e.— From  a  Hclion  through  the  icalp  of  ■  ncw-bom  child,  ilagni 
fjing  power  nhouc  350. 

f.  tnbeeuUe  of  the  oonDcctivc-tiMiic,  cut  in  rarioua  ilirtctioiiB; 
1,  sweat-gland  tubes  cut  in  different  dircctiani ;  t,  Ijmphatici  taking 
up  the  IjMrplmiaee*  between  the  gland-lubta,  and  uelwoen  the  oon* 
itective-time  trabeenla. 

FlQ  "-—The  sapertnal  pteioa  of  (be  bnqdistici  of  the  skin  of  Ibe  frog  in* 
jeoted  with  Iteilin  uue.  teea  vader  a  kiglicir  power,  about  300. 

i,  larme  vntcU;  f,  minute  Ijmpbatie  cbanneU  arouod  the  gtuidsj 
a,  tlic  cutascou)  g^ds. 


EXPLANATION  OF  PLATES  XXI  AND  XXII 

Fu.  S- — Prom  k  kicuonUl  MctJoo  tkroaifc  lh«  corium  of  tlw  Milp  of  tk 

ic^  vboM  IjmphMlie*  h*d  beea  iweotad  mUk  hatm  bl«e  i  tbvinig 

Ibc  interfMacnlu' l}npli-»paee*  o(  Uw  «uiBM(i*B  Unas  of  tlwceria>- 

/,  ia  longitudiiul ;  I,  in  tmmene  uul  otriiqae  new.    Hagnifjiig 

power  ibMt  int. 

7w.  9.— FcQM  «  beriaoMUI  Mctkn  Uroogh  ike  lOalp  of  lim  tlog;  Ui* 
haphatiet  had  bwa  u|aoMd  vtUi  Berlin  Um.    Siowidft  two  biir- 
Miliclei  is  truuTcnt  aeelioa.    Uagnffiaf  porer  aboul  ISO. 
t.  If  mph>*fiMM  ol  tha  hair-ne ;  v,  ffmttMic  tcmcU  of  tbc  ■amnad- 

■fMcea.    (Sec  Ike  lot.) 

Pi«.  10.— From  a  iligiill;  oblique  MctioB  tiiro«^  the  mteaim  ■eihnae 
of  tbe  moutk  of  tke  t»bbn.  The  Ijmpkatioa  ue  iaiccted  with  Beriia 
bl«e.    Uagaiffiag  pover  about  AO. 

»,  c)uthelnip,  tke  indiTidukl  edl>  are  not  indica&ed ;  p,  pafilbiy 
l^er  and  tlie  lupcrticial  tjmphaUca;  at,  ike  MiddU  Iqeti  «  lie 
tpapbatiot;  d,  (he  d«ep  pleiiuM  of  ilie  Ijm^tliaa. 

Fio.  II,— FrOB  •  kociMnUl  aaetiea  at  a  (imilar  prvpanrtion  aa  in  Fig. 
10.    HafiaiyBt  povar  aboai  S60. 

f,  tbe  tpitbelinm  koriiontall*  or  obtiqaelj  nl«  Uw  iatnatitial 
enncnt  tuhstno*  between  ila  etllt  conlaiaa  mgawBl,  and  tkc  iajeetiog 
bat  (ound  it>  wa;  into  it  ^m  Ike  IjmfibalMe  of  Ite  nneoea ;  I,  tlie 


hmphatie  i«asels  of  tbe  superficial  pinuaea,  i.  *.  tboa*  ailuated  a 
ibc  papillarj  lajw  of  the  muoota. 

Fio.  IB. — Ljinpbilioa  of  Ike  niicoas  Bernhnne  of  Ike  nKMitb  of  tba 
rabbit.  Mai!iiif}i"K  po^vr  about  3S0.  Tbe  Ijvipkatic*  are  T.nn- 
wbcie  ooiiuected  with  tbe  interfucicul&r  l}«pk-«paCM.  henoe  tbe 
munerout  Aoc  proocMM- 

Fl«.  !&.— A  lobals  of  a  terout  gUnd  from  tke  tongue  of  tke  rtbbiL 
Hagnifnog  power  about  100. 

t,  liniDhitic  vcucli  in  cnnnrctioo  wHb  the  Ifmph'drfta  between 
the  k''"''-'^*!^''  I  ■■  lJ'^[^h^chhi  bctvcea  the  Bnuealar  Gbrea,  in  a 
luuffiiudiual  Tiew  ;  /,  Uie  ume  ui  tiautierw  MCtton,  Ike  stmetart  of 
the  muscular  librea  i>  apt  ja^mlM  i  iL  A  ihet  In  UtOBvene  atictian. 

Fig.  14.— From  a  timilar  pwpaniiw  it  tk*  prCMdng  figwe.  Uagniffing 
potret  jOO. 

</,  the  duct  of  a  mDCona  gUnd,  in  Iranireree  Metion  ;  >,  striped 
■nugaular  6bm ;  I.  Impbitic  rrut^l  in  connection  with  tbe  Ijmpb* 
•paoea  around  tbe  duet  and  belwoen  the  musoulor  fibre*. 

FlQ.  iG.-^Prom  tbe  Mine  preparation.    Magnifjing  power  aboat  300. 
d,  ducli  I,  Ijmpbaiio  tetsel. 

yiO.  16. — From  (be  tame  preriaralion.  Munifjing  power  aboot  ISO.  Tbt 
Ijmpb-tpacea  between  the  muscular  ubres  are  injeolcd  with  Berlin 
blue. 

/,  tbe  bundle  of  the  muscular  Gbrca  in  UansToae  aeotioai  I,  tke 

Hue  in  longitudind  MCtioB, 
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BXPLANATION  OP  PLATE  XXIII. 

Ming  Mr.  Walter  Oardiner's  Paper  od  the  "  Develop- 
BQt  of  the  Watcr-gUnda  in  the  Leaf  of  tho  Sari/raga 
stata." 


c 


(All  the  B|[«rea  refer  to  Sarifim/m  trwUafa.) 
-TnMpftixnt  ptepvrfttiua  c4  a  malnre  laE. 

l-^LongLladiniU  sectioa  of  t  bud. 

m.  Molher-cell  of  wtter-pore.     t.  Yooag  huin.     p.  Poac- 
tiun  ?tgclntioDi*.   /.  Kiujimcnlary  leaf, 

1. — Sorhcc  viow  of  joimg  leaf. 

S.  Hun.     w.  Wat«r-pora.     /.  Secondarj  lobe,     v-  Mtia 
flbio-TaaculxT  bundle. 

I.— Swrfaoe  Tiew  of  joung  lobe. 

m.  Motlicr-coll  of  water-pore.    w.  MoUt«r>oelI  which  ha* 
uiwicrjono  divuiou. 

1.— L«iMptadiDal  Mctiou  of  full;  deTciopcd,  titoogh  not  roll}  grow 
ijaad. 

L  Hain.    w.  WaUr-poK.    *.  EDdodenaii. 

i. — ^Tmurtne  (action  of  fUnd. 
t.  Badodemia. 

'.— Celb  of  Btatitre  gUad  (loifitiidiiial). 

I. — Ualiua  vatcT' porta. 

I.— Mature  »toma. 

n.  iJisplaced  celL 

|0. — Sorfkoe  Tiew  of  a  portion  of  the  apUemlli  tliowiiqt  develop- 
oaat  of  etoniata. 

1,  tl,  iii,  and  ix,  \atJous  ttagc*  of  derelopment.     ■.  Dis- 
placed cell.    ■■  MotlMf  ccU  of  itomL 


[erelopment. 
IT.  Steoaa. 
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EXPLANATION  OF  PLATES  XXIV  b  XXV, 

IllustntiDg  Mr.  Blomfidd'a  Paper  ga  "  SpermBtosoR.'' 

Pigs.  I— 23.— IU£r.    n^  9^-31.— Vtrknu  HiMuli. 

hoc  t — I.— Orif-iail  odb  «liiob  nc  dettinci]  to  Tona  Uie  iftrmtUaot, 
nllcd  on  tbu  unount  ipciinatoa{>af«*,  the  aperBitocjlM  of  Uejer  lal 
*.  U  Valelt«  St.  Gcurgi:.  Au  mtnnudeu  nctvotk  m  ooupiciuu  to  Iha 
twiorilj. 

r  IS*.  B-^. — Ccmmenoemcnt  of  the  proccn  of  ipernktAjteoMii  b;  mdI- 
tiplicalion  and  difiiioD  of  tho  Dudeiu  wlib  a  cotrtaponiJiiig  coailrictioa  of 
auTTO  u  iidinK  dUlmu  a. 

Fioi.  0—13. — Tarioiu  sta^^  in  the  fonnatloo  «f  the  fpcnn-poljplu**. 
Thue  arc  (nultinoclc^r  musca  of  a  mutbcrn-like  appeanaea.  each  audeai 
o(  whicli  is  inrmundRd  bf  iu  own  plaima  and  tiitu  oaoalitulca  a  lottn^ 
toblnst,  Tbn  uliole  mu*  of  iLe  ipennat«bl8tt«  an  aapMrt«d  on  b<1uU;- 
Itraniilxt  piMiiiB,  whicti  pouCMea  a  large  darkly -itainca  luuilaaa.  This  is 
the.  hUi>toi>lioral  orll,  or,  more  ahortlj.Uutophor  (i.  «,)■ 

Ftii,  i  :t-^linngi[udina1  Ofitical  Miction  of  a  poIjUiat. 

Fiaa.  li — 16, — I'oljpliuts,  wboiic  iiprtniitabla*t*  arc  eoiBineDdo|[  their 
traD*rorn)aiioDB  into  stivrmaiiKcun.  Thin  conaiala  in  the  nucleus  beoomav 
pUcctl  at  one  pol^  wliile  ihc  plasma  eloQKMea  and  drava  a«^  fro^  i^ 
pmiouHlT  throwing  out  a  filament  fnrminf;  tbo  tail. 

Fl&a.  lHa — 18. —  latilotcd  ipennatoblattj  with  filamenttL 

Figs.  19 — !9. — Elon^aiiou  of  ike  proiaplastn  lo  forai  the  UIL  The 
plaiiiiu.  hrinjc  Ttticid.  uppmr*  to  rlongatj:  like  a  drop  of  Tiacid  liqoid,  pre- 
tcnliDK  ns  it  (Idpi  >ci  man;  tiiickrning*  nod  bead-like  awtUiags,  wluch  Dflea 
givFs  till-  joung  tail  a  momlltform  sppeuance. 

Fin,  £3.— A  bundle  ol  Dear!;  mature  tpermatotoa,  nailed  bj  ikdrbeadi 
to  a  blaitophnnil  Mil  [b.  t~). 

Kio.  !4. — A  srrira  of  drawing*  froin  the  spennaloblait  to  tlic  malue 
aprrmntotiKiii  of  tlie  froR. 

Fio.  es. — A  bundle  01  apormfit»eoa  from  (he  lealta  of  I>f  liaeni.  8aper- 
Ilcial  to  the  bundle  are  arcn  tcvcral  iiucli^i  ('.  a.),  witJi  lurrounding  pbsma. 
tbvte  arom,  at  tint  s^lllt,  aimilar  to  the  luperficial  nuclei  of  the  poljplint 
of  the  fruK. 

Figs.  Sriuiiddi. — fiundlMofspemialoaoa  fraRi  Pieria  in  differeat  itages, 
villi  Llie  auiicrflcial  nuclei  {:  «.). 

Fiii.  38. — Copied  from  Mcjrr's  drawiiigp.  .^.  a  his  Spemalo^ne,  and 
^e.  is  Hie  Sprrmiiioiiriiinir.  Ii  is  obviuiii  from  ihe  drawing  thai  Ike  two 
curmiioiid  uilli  tin-  pohplaol  of  Ibi-  aiiaJ  and  tin  blattophoral  cell,  thoQcih 
arooidlMg  to  h'n  tick  the  uppi-r  porliori  of  llie  Spcrniatogemme  is  the  rrwlt 
of  [be  nuclear  multiplicntidn  >■•{  n  si-pntnte  roll,  tlic  ipcrmatocTle:,  whick  t> 
dtrifcd  from  tlip  Sjicniiatogonc  nl  an  cniljr  stage  and  abowB  IB  MBaeclioa 
with  il  111  fig.  31. 


Mlot.  /ou^'Uoi.m.^fsM.wv. 
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PLATE  XXV. 
■m  nirie  to  Uic  ComiBOn  Frag. 


or  PLATB  XXIV  ft  X\\-»»itim^. 

om  T.  la  Valetto  SI.  George,  iliowi  ■  Uter  tXtge  of 

te  bora  the  tainc  lource,  irhich  correspondi  to  Fig.  98 

A  frMd  Mejer,  sliovi  Ibe  spRrmnt.orjte,  wbich  b  to  be 
llir  ftppcaruucG  in  cocuectiuii  (villi  tiic  SpcnDnU^one,  U> 

pie  tcdion  ncros*  n  tuticulir  crjpt  of  the  frog,  about 
tamer.  Next  Ibo  mil  (w.)  of  tlic  crjpt  is  tlie  testicular 
iOnipUBCiJ  of  Iwo  kiwis  at  cclU.  one  the  ijicnnnt.oiporct 
jlure  crnps  of  ipermHtOEMi.  the  uilier  interaiitial  aupfort- 
.,  noclri  of  fibre*  forming  l.iie  wall  of  tbe  cryjil.  Next 
\  buodtcji  of  spermatotn  {£.  >.),  Drmner^d  rHaifttlj  witli 
the  lumen  aiitl  tbeir  htuia  tuvnrds  tlic  pcriphrr;  lup- 
Uipbore. 

ladlw  of  tpcrmatMria  from  n  teiti)  in  the  «uue  Bt«ge  U 
riKimuUwoa  onited  by  tbeir  elongated  heads  to  a  bUiiCo* 

ilues  in  ileg«Mr«lioD  of  blaalofibond  cell*<  tlie  nuclal 
II  brokea  up  into  mmU  pieces,  aud  tbe  pratoulun  to 

*tne  ledion  of  a  CITpt  ihoot  tiie  rnd  of  Jul;,  iliowing 
poljpJaito  ('•}>■)  In  various  nlages  of  growth;  oilier 

r- 1- 

jplnt  itained  witli  pierocarmine,  it  showi  the  «nper- 
each  Borrounded  >iUi  a  portiou  of  grnnular  pluma. 
,  after  luDgor  ttaioing. 

I. — Poliplaatt  ttained  in  a  lolutioii  of  mneetita,    Tbe 
%n  and  itaina  the  luperfieial  nuclei  (t.  *.)  bcCoie  it  can 
hhub. 
ilipb»t)  from  »t«UOM  aboving  a  diffcROoe  in  Ihs 
liei,  du«  lo  a  diffmoioe  in  the  anangement  of  iba 

■t  it««ed  is  the  freak  alate,  it  afcom  the  niperGeial 

t  tcdios  of  a  trjft  about  Ilia  nlddle  of  Aiivuat. 
'  (joljrplait*  («.  a.'i  brrakinft  up,  and  the  »iiprBalobla*la 
on  with  one  of  (he  Bunerfioial  uucUi.  as  at  i .-  then 
I  al  B.  0«i  to  the  «aU  ul  IJje  crypt,  and  ttiinlly  aaaum* 
irlUi  reinrd  to  the  >a]l  of  the  teaticular  trjfi. 
r*io  of  a  Tfaieular  polyplaat. 
al  teetion  of  a  poljplait. 

'l>oljpla*ts  fruo  leolioM  which  iba«  tbe  ceKtriuetal 
plaiina  of  tbe  tpornuttoblari*  to  (onii  tbe  tail  oi  the 
a.  (.  ■„  Mpcrficial  auelei,  in  37  tbe  tpnuiAlobkala  maj 
'.o  coantctiom  with  Ibtae  hodiea. 

naicAlatti  arm^eil  nwnd  one  of  Ibcoe  lUpetCetal  nuelei, 
«me  the  lilaalopMral  ecU. 
iiitiil  mUb  from  youag  Italia. 


JOUBNAL  OF  MICROSCOPICAL  SCIKNCB. 


DESCRIPTION  OP  PLATE  XXVI, 


tUuatntiag  Mr.  Adam  Sedgwick's  Paper  "  On  the  Earl/ 
Development  of  tbe  Aut«rior  Part  of  the  Wolffi«a 
Duct  and  Body  id  tbe  Cbick,  togrtber  with  aome  R^ 
marks  on  the  Hxcretorj  Sjrstcm  of  tbe  Vertcbnita." 

Liti  a/'  S^irtmct  LeUm. 

al.,  aUmentuj  euul t  w.,  aortat  e.  a.,  cudinil  rrin;  t.  ffl..  exttroai 
glomcruliwi  fp.,  c|iihlut  j  i^^  broobla*! ;  ■'.  r.  «.,  intcraiediiiUeeU  otaail 
I.  ^.,  LntcrnKl  {['■""crii'ui;  i.t^  Dluteina  of  WatBinii  tubules;  m,  mcntifc 
urr;;  M. p.,  muscle  plate;  iw.,  notoeboid;  a.  ««  bodj  cavity  t  9./.>  peri* 
tunul  luuiitl ;  fr„  uioto-verUbn ;  pv.',  ctfl-aaM,  whink  btcr  Secomea  a 
prot«TcttcbT(  i  If'.  J.,  Woiffiu  dad ;  Fl  t.,  WoUIaa  tubuk. 

fie.  1.- -{Actios  tbrough  lOib  Uffiaeat  ot  a  cbick  vUk  tea  iTK»miiti. 
■boainK  origin  of  tVolffiui  duct. 

Fia.  3. — BootioD  tbrough  lOtb  Hfuent  of  a  ohk^  witb  twelte  MgneBl& 
Sliowt  Micoud  ttige  in  developmeat  of  Wolffian  duct. 

Ftea.  3  and  4. — Sacocwivii  Metioni  Ihrcmgh  the  lOtb  Ngmcat  oS  a  chick 

witb  iliirloea  segnicntB.      Stiowi  further  defelopnenl  of   Wotfflaa 

duot. 
Fl«.  S. — Section  tbroQftb  lOlb  segment  of  a  cbick  witb  fonrtcee  Mtment^ 

•bowing  funhor  dcvelopneat  of  Wolffian  duct  nad  anttnor  Wolffln 

tuliultu. 

The  ■boTO  Hrici  ue  idl  lak«a  tbnngb  tbe  points  where  mdioMa* 
laiT  MgSMnU  tubea  eonuect  Ibc  ffcUlaa  daol  lud  peritoneal  cpi- 
thrlinm,  riccpt  Pik-  t,  wbicb  is  ihroogh  ■  point  between  two  luboka; 
The  nbinnt  ol  llic  scries  it  to  trace  the  conluiuit;  in  tk«  denlopnent 
ufthc  WulUiaDduci  and  anterior  tnbolei,  whiokexitta  between  tba  7tk 
aud  Ulh  sl^glIleuts  iucluaira. 

Fio.  C. — Seetioo  throu)^  a  cbick  witb  twelve  twmeota  jntt  bekiad  tbe 
13th  i^mont.  Shown  indRfiniidence  of  Wolfflui  duet  flOM  perilor>cal 
epithelium  and  iol«rmcdiatc  cell  mats. 

Zio.  7. — Svotiou  throuijli  the  13tli  Mjipnent  of  a  cbick  witb  thirteen  teg. 
tncnti.  Shows  hov  iilmoat  at  once  the  Wolffian  duel  beeconea  con- 
ueclcd  wilh  the  inlenncdiatc  cell  mait.  The  eentuwitj  between  the 
two  ttruotuiet  a  uol  well  rcpreaetitcd  in  tbi«  Sigmt. 

Tw.  8. — Section  ibtouftfa  16th  segment  of  a  chick  with  tweBlj.one  m^ 
mentj.  Shows  separation  of  Wolffian  duct  and  intennoifiate  eeU 
mau,  which  pcrsisu  for  tonic  tiuie  iu  tbil  region. 
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DESCRIPTION  OF  PLATE  XXVI— «.»/i»««/. 

Jiaa.  9  tuid  10. — SaoeeMrre  KctJoni  tfaroiif;li  the  15th  aefjiDent  of  i  cliick 
with  about  twcntj-twD  pn>toTert«bre,  sliowing  Lbe  connectkm  belweeo 
the  Wolffian  diet  and-  intermediate  cell  mau.  In  Fig.  9  the  ititer- 
mediate  cell  nua  ia  coutinnoui  with  the  peritoneal  epithelium  ;  in 
Fig.  10  it  ii  sepande. 

1*10. 19. — Section  thrODEh  a  ehiek  late  in  the  third  dij  beliiud  the  16th 
Mfrmeut,  ahniring  tae  independence  of  the  developing  VVolSan  tubule 
ud  the  Wolffian  duct  in  tbia  region. 

7iu.  13, 14,  and  15. — A  aeriea  of  aucceaiive  aectiona  through  the  13th 
accent  of  a  ohiek  with  thirty-one  or  thirtj-t«o  tegmenta.  Pie.  13 
being  aaterioi.  Show  a  forLlier  stage  in  the  development  of  a  Wolf- 
fian tubule  in  thia  re^^ion.  Id  Figa.  13  and  14  the  tubule  ia  conncpli-d 
to  the  peritoneal  epithelium,  and  a  lumen  baa  appeared  in  it.  which 
is  continued  behind  into  the  part  of  the  tubule  separated  from  the 
peritoneal  epithelium,  aeen  in  !^g.  15. 

VMS.  16, 17,  and  18.-— Sections  through  the  13th  or  14th  segment  of  a  chick 
with  thirtj-fonr  or  more  segments.  Show  the  further  duvelupmciil  of  a 
Wolffian  tubule  in  this  region,  and  the  Erst  appearance  of  the  eilcrnal 
and  internal  glomeruli.  Figs.  IS  and  17  are  coatiguoua  seciiuris. 
Between  Figa.  17  and  IS  there  ia  a  section  not  figured.  The  three 
figurea  reapeotivetj  correapoud  to  and  aie  further  deTelopmcnla  of 
Xiga.  13—15. 

Ilea.  19,  20,  and  31. — SncceasiTe  sectione  through  the  13th  or  Ulh  seg- 
ment of  a  chick  with  thirtj-sii  or  more  aegmenta.  Show  further  dc- 
Telopmcnt  of  external  glomerulua. 

Fie.  S3. — Dimammatic  longitndinal,  vertical  section,  ahowing  the  rcia- 
tiona  of  the  external  and  internal  glomerulus. 

Fie.  S3. — SeotioD  through  the  13th  or  lith  segment  of  a  chick  with  ibirly. 
three  aegmeats,  showiug  the  opening  of  the  Wolffian  duct  near  lbe 
external  glomerulus. 

Pig.  24. — Section  through  the  auterior  part  of  the  Wolffian  body  of  a 
ith  daj  chick,  ahowiug  the  gtomerulua  projecting  Into  the  Wullhaii 
duct 

Fie.  85.— Section  through  the  hinder  region  of  a  tadpole  of  Sana  lem- 
porania,  showing  ifie  Erst  appiwrance  o(  the  celht  from  wliioh  the 
Wolffian  tubules  will  arise. 


JOUKNAL  OF  MICROSCOPICAL  SCIEl 


DESCRIPTION  OF  PLATE  XXVU. 

IllastruUii;  Prof.  MAmliallN  and  Mr.  SiMMiccr**    I 
"Tlic  Cranial  Neri-es  of  Scyliium." 

All  the  Cgvrf*  m  Ukc*  trani  imIiom  of  SeyHium  ombcjcH.  Pi 
S.  4, 3, 4,  %,  aiid  1^  wera  drawn  from  atnric  *Mli"«>.  Pigurtn  7 
rcjvmcat  two  •Miioo*,  llie  ri^itt  hutd  btil  al  tko  pKntti  bch 
nsei  Ukcn  rram  a  awliion  m  >horl  di»tuioe  puUerior  lo  llui  ivfii 
lh«  Mt  buid  bair.  Tlie  rrmaiaiBs  ignna,  (ii.  10,  II.  I J.  11,  ^ 
we  lA  *  diiKtuntnAUc  iiatura,  cadi  (wing  cMutrucU-il  bjr  o 
uvKibtr  or  wctioii*  hom  the  mim  «mb(^!  in  (lirtc.  u  is 
Opirs.  the  tnidinn  wm  in  all  ome*  dnvn  b;  tne«a>  nf  a  Elartiu 

lie  nvinbeia  alUchcd  indicaM,   tn  dianwlen,  Uw  augni^ 
cn^jed. 

Mirf.,aa(lit«itT  vcuck;  fir.  1,  tint  bmiidiial  arch  ;  (.y.rSEarf 
<r.,  CcnbclliMn -,  A.  t.,  hinJ.hnun  i  llf^Vjtai  atcli  i  u/,  iuin 
/.,  Irni ;  ■.,  miecle ;  m.  t.,  i^fd-draia ;  ■.  <.,  mgCD«>  ciiaat ;  J 
buUr  arch ;  •.,  notocbord ;  A'-,  ii«m  from  ciliary  Ksaitlian  ta  fi 
liml,  ronna  lb*  dtttal  portion  of  lb«  rami  opiH^lwrirmi 
A'.t^  eowmuicatiug  brancb  brivroni  ibml   aiul  fillb  ncttia, 

Croiinal  part  of  the  ratuu  i^tuMmiem  fti^iatdm  ;  iV,  r*.,  cunu 
raaeb  between  SRIi  anil  tetealli  Krre* ;  r.  <.,  onlic  mi]) ;  «. 
imfiripr ;  elf.t  oKaelorj  pit ;  o.  t^  oblifwM  n^tthw ;  pit,  t>itti 
lalio«  (rona  nouib  [  r.  *■,  rntat  aimiat;  r.  i.,  netiu  tmfenv 
KtcUk  iMltrmat ;  r.  i.,  rwcfw  taprritt ;  nr.,  tptrMile,  ^  hToi 
ckA;  1,  first  brad  oatity;  i,  (coond  Uetta  e»f\lj ;  3,  Uijril  be 
I,  otbdoi;  ncTTci  u,  opiic  oerrei  iti,  tlitnl,  or  oMilouiaii 
in  6,  bnaob  of  third  ncrre  to  rtdm  mferiar  ;  tu  e.  hnueb  at  U 
to  oitifmi  iifirivr;  mff,  faeoonduj  root  of  UU  III}.  ant> 
of  ui;  IV,  fourth  Mrto,  or  /w/Ariicwt;  t,  Bllli,  or  lH(pi|iihi 
V  >,  ophikalmie  braocb  of  6tth  ocnei  v^,  maxklUrf  branrh  of 
■naiidiMilar  braiicli  of  Gflh  ;  i  a,  prJMary  donal  loot  of  rifik  ; 
dm  root  of  Gfib;  t  7,  iBlenor,  m  b-rtiarj  mota  of  fifth,  *i 
MtJuetiu  amfT;  vii,  mvbmIi,  or  Eiciai  rxitTi:;  ruo,  ujihuialn 
of  «ev«iitli  nerve ;  rii  6,  HaaiKhalar  brai>cli  of  mtl-uiIi  ;  rum 
diriuon  of  nandibnlni  bnaek ;  lutp,  tpimcukr  diriNoaof^i 
brancb;  ill  p.  hnailean  branoii  of  ■ncnlh:  viir],  mw 
Kjitnwt,OT  brBBCh  of  bjoidsaa  into  nmi'lihiri/ir  nrrh,  vh  ,  J 
ilibwlari'  Ulrrni,  or  Ivrouul  bnncb  ' 
ratitjr :  viii',  liHccal  biandi  nT  ani: 
M'li-iitb,  villi,  iceDnduf  rent;  vut.  Ditiiiii,  or 
iiiiilli,  or  slu9BOp*iar7n5«i!  ntrrc  ;  lY  it.  mnet 
i\A.  bioiilcaa   briocdi  '•I 

■n^li  I    I,  mill,  or  ||L 
nam  in  Oral  brxucliial  ardi. 
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DESCRirnON  OP  PLATE  XXVlI-«,(Mwrf. 

Pics  1  and  3  — IHiUKnc  wcliibiik  lliroui-b  the  bind  bniii  of  a  Siflliim 
embmi,  tnlermeiUkic  belvMo  Mtfct  i  %ni  k.     k  UU. 

Fig.  I.  slKi«iw  dorekl  (primary)  wid  vuutnJ  (seoundkry]  looto  n( 
Ifib  Mi*e  I  «lto  the  Koond  or  atamJilmlu  bnd  catiijr. 

Fig.  t,  sluwitiit  origin  of  dom!  (|irimai7)  nOlt  of  Mrcnth  ncrTe 
rroui  nniial  orut ;  alM  tbe  ikird  or  bjoictciiA  licad  catilj. 

Fio.  3  Bad  I.— TnuuvorM  sMliom  Unwgli  thu  hind  tinia  of  an  tmhtjv 

ot  kUge  B.    X  no. 

Fig.  4.  Bhovintt  tfae  Tifllt  nerre,  uuiag  by  its  *ealnl  or  aMondu; 
rout  alone. 
Fif[.  3,  ihowbK  the  dona]  anil  vealral  root*  of  Uw  twrentli  nerre. 

FiM.  &  to  7.— Trensvcrve  ttctious  Ihrougli  the  hind  bt«ln  oF  an  embtjo  of 
Uai^  X.     X  SO. 

fif;.  &,  kbovLu^  Uie  fcnlnl  n>olii  of  Uie  Glth  ncrra,  ike  ojiblhalniio 
bniiicbra  i>t  lU  KTislh  nrric*,  anJ  Ibv  t«;niiualion>  o(  Ihc  maxJltHi? 
krancli  of  the  fiftb  and  (be  iiuoul  bnuich  U  the  tCTtstb  ncrrri  lita 
llle  llnl  IibmI  cavilj. 

Fitf.  0,  ttrairin^  tlie  itoraal  mid  ventral  raoU  of  (h«  Kmmlh  mtm, 
tbe  nutcnl  branch  of  the  icTenth  and  maxillan  brincli  of  lb«  fillb, 
md  the  ooniioctioa  bclwccn  Iheae  two  nurrea ;  alM  the  toooud  bead 

tii!.  1  «b<yn  m  th«  teft  *j(te  tbe  rentral  root  of  (be  u*rBlh  nerve.  iIm 
larmioktiun  or  the  MXlb  unve  ia  Uie  rr^Ua  rttrramt,  llie  tnaodibular 
bnneh  of  llie  litlb  ncrin,  (lie  m«qmiI  beld  mvilv,  and  the  tcrminalioi) 
of  the  paliliB«  braacb  of  tbe  leTcntb  accvc.  U«  tbe  right  side, 
whii-b  ruprtMnta  a  moK  pcalecior  atctiun.  mic  riMvu  the  otikiu  of 
Ike  *iiib  McTve,  tbe  audiloi^  nerve  and  ««9)dr,  aud  the  palatitio 
liraodi  of  tbe  aevenlk  nenv.  vilb  tbe  aooond  bead  caiiij. 

FiOB.  8  and  9.— Tnti(T«rte  M«ttoua  tkroagb  the  bind  bniu  of  an  cmbrjo 
of  ita^o.     X  17. 

Vi%.  H,  sbownw  ttie  vcaital  ir>ot  o(  tbe  Ulk  nerve )  alao  Ibe  optJo 
nerves  «Dd  inhMtbuhin. 

n|[.  9,  on  left  aide,  ahowi  (he  ilonal  and  nalral  roola  of  tJia 
Mteulk  narve,  and  the  tcnninul  bn>iirlict  of  Uto  baottJ  and  naiilfafv 
BWTca;  on  tbo  riabt  side  (he  audilor;  vcaicic,  ihc  dntnlb  nerve  wiU 
ila  ti]Midr«ii  braucli,  and  the  terniaatioa  uf  the  jialatiac  nerre. 

TSiu.  10. — Longitadinal  and  rcrtitnl  aection  (hrongb  tbe  bead  of  an  erabrjo 
of  atajcc  t.  Tbe  outline  it  from  one  aeHiun,  while  the  detail*  liaia 
bocn  lUnd  b  rtoio  acvcral  euoMCutive  icctioua  in  onltr  to  *bow  Iha 
rocrts  of  \\tT  llftb  and  HV«tilh  nurvn,  the  nbtiona  of  tbe  tkiid,  BAb, 
and  tevcntli  ncrvu  tt>  (he  htnd  cnvi(in,  aud  ibe  ooanectiiMia  of  tbeae 
Ibree  wiviti  with  (mic  anotlicr.  Tlie  figure  alao  abovn  the  gloaaopba- 
r)ng«nl  nerve  wilb  ita  nmtu  Jormttt.  anil  ila  bjoideau  branch.    X  H. 

ficH.  II  and  1)!— DtafETBinviklic  ImgiiudinBl  aud  vortical  aectioua  Ibrougli 
lk»  bt^  of  an  eubrjo  of  itage  h  ;  aa  in  the  prconlinR  flR>te,  Iho 
outline  vras  dravm  from  one  acctiOB,  and  the  dctaili  frwB  other  aee< 
tioua  of  the  aunc  enbr^. 

Thr.  («ro  (iprM  toeetbu-ikciw  therootaaadall  tbe branch««,  with 
Uicir  icJniinaliliftliibutMntOf  the  Ulb  and  senolU  iKrvca,  Uie  cON. 


DCscBimotc  or  rukTB  xxvn--M/»M£ 

neOioM  of  thtM  awttn  arilk  om  Mother  ami  milk  Ua  UiH 
tW  r" p'  iKsadn  of  Ua:  Umi  mem,  «Bd  tte  oonw  ami 
b«lian  «f  tk*  fawik  Md  anth  serm,  at  atace  x.     Na 


cdbU  dm*  bU  DC  c*«B  tW  rmter  Miaiber  dt  Uw  parU  nfonc 
stho  of  tfc«a  ls«n>i  m  ib;  lit  U  tw}  dif  arm  lavrit.     x 
Pig.  11,  imn  to  tia«  tW  ^al«  es«ne  and  rdalioM  ef  t 
am<  Hal  i)a  maaiciicM  villi  Uu  Uuid  ad  wwatfc 
iiate  tbo  •bam  the  loKitk  aerre,  aarf  Ike  !■  aiiiial  dvUita 
tW  tjBJif  bnaeh  «f  the  aewak. 

U  ihon  U«  wbola  eoanc  of  Um  Hfantk 
,  wttfc  the  «-«rro*if»a  a(  the  hnidcaa  hnndi  (ibawa 
t)  i  iIm  Im  ooona  aad  diriribattoaof  the  maiX 
t  oT  ita  Ihh  and  loth  Mtres. 

Vis.  »,    lci,ftBihiil  Md  vntiMl  MctioM  thnafdi  tha  iMdoCtt 
nf  dag*  X ;  the  tgm,  vhieh  U  tsba  (nun  tao  ocMu«c«tirr  m 
■hei  t)»  orioB  tad  aaip  trank  of  the  tbird  aare,  the  mot 
fBarih.Md  the  nolo,  annac,  aad  dhtrihitif  to  thtrmtmt 
o(  IhouUhMTTV.     X  90. 


Ui 


tnvitadiMl  md  wtini 
I  1(0  ialaiMiAMa  hal 


7. 


IS. 

X  U. 
fig.  I4  lAmn  tht  raoU  ol  ongin  of  the  thnd,  Efth.  aad 
lagether  vilh  the  eoane  and  ditlrihiiliiw  ef  cettjiiu 
bnMhn  lad  the  atataal  eoaowtiaao  betveea  IheM  three  aan< 
Fk.  IS  ilMB  tho  dsnM  mi  of  the  temlh  wnt.  tha  mk 
fcfMdha  id  the  kU  ud  w«aMh  acne*,  Om  ttamt  4|pUiahri 


fiitdm,  the  berth  atne,  the  MAxBhfaieaiaMdBr  htaaeh  of  th 
«rf  ■!■  haonl  aad  [— '■'i—  tinirhri  at  the  Micalh. 

7w.  1<L— Tnamne  weifan  thranch  (he  head  of  at  enbTD  of 
Aoeth  bdora  tha  pmd  of  heidnag.    Shim  (he  ori|pa,  eew 
dittoballaa  of   the  fbarth   acnOt  ead  ile  ehae   pfnunstj 
OftahBhris  biHiehas  of  (he  fifth  einl  eensilh  ner*ee. 


OF  MICROSCOPICAL  SCIENCE. 


I 


ION  OP  PLATES  XXVIII  AND  XXIX, 

'rofcHSor  L»iike9t«r'ii  Jlcmoir  ou  "  Limulos  an 
Arachnid." 


FLATS  XXVm. 


■Hlinate  ippcndKite  (eighth  itrsm«nt)  aT  Butkut  KorUt, 
B  Ipire'thottld  be  turned  lo  tliat  the  pectinate  bonkf  n 
ner  U>  eoDipve  villi  Fig.  1  a  I',  ptoxinml  ikineUa;  U., 

ilki  view  of  Itie  right  liinicni|{crou«  api>enilage  of  Ilia 
of  Iko  ume  ■nimal  for  comparisnii  with  V>g.  1,  /.',  proxi> 
diital  UnmlU  vonc  liimdretl  aud  thirtieth ;  thn  full  number 
il  Indioatod  bj  Ibe  linea  iu  Iliti  drHwiu);) ;  n  ,  membrnne 
is  of  liia  BpfteudaKo  '^  '^o  ^utierior  luarKiu  or  «/..  Ilie 
tCL  IW  ■ppoudagc  is  roprrseutod  u  »e«u  wlivn  all  oilier 
BO**d  from  tbc  interior  of  the  Scorfiion'*  bud;,  it  in  nt- 
M)  u  to  rut  vitli  ILi  proper  poiterior  fkcc  downwtrdi  on 
g  o(  the  >teniit«  in  rconl  ul  the  Btigma,  The  delicate 
bound*  tlie  puiiiitiiiarj  hw  and  reproseul»  the  iimgituitcd 
UOTcd. 

t  pectinate  appendage  of  Buliiu  Kochii,  pottanor  faoe  j 

lilir  y\KV  of  the  right  latnelli^ronii  appmdBj{«  of  Uio 
I  of  Buthui  Kaehii,  for  cumpuiMin  tritli  Ytfi.  9  ;  letter*  aa 

it  b,  th«  quibI-IiJlv  axis  which  aupportii  the  Uioelbe. 

of  Uie  iaftnor  marKia  of  (he  rtfbt  jieclinate  appeiul*)tB 
,  W  placed  a*  to  iliow  Uio  immcalioD  of  tte  lamelto ; 

^  Tiev  of  the  rigbt  kmelUgeroiu  appendan  of  tbe 
'  Butka*  XotUi,  for  eomparuoa  m'Oh  ng.  3 ;  letterv  aa 


r 


ilar  Tiair  of  the  riitht  lainetUi;croiis  appokdaoe  of  the 
t  of  liaafai  ftljptmtit  for  oowpariwii  with  Ytg.  3  nnj 
I  lamella  i  ta^  uue  hiudred  and  fiftieth  lanwUa:  nr.,  n- 
,te)  of  the  UIm  diatal  prolonfcation  of  tha  appandaee. 

of  the  al«nial  aurfte*  of  tlic  ccfihalothonuE  of  Limaluf 
wLick  the  n<re  hinder  pairs  of  appcnilafea  lia? c  bcca 
ibftontal  kelcrite;  CA.,  iho  Grat  pair  of  MpcMlaffes  or 
the  nppei  lip  or  cnnunalume ;  H.,  the  nioaui  j  ptut-,  Itie 
Mienute  (roprct*i>tatiT«  of  pro-  and  OHSoalornita  aa 
iped  la  tlio  apidcn,  m«  woodcut,  fig.  0] ;  mtttl.,  thoracio 
hilaria,  boaMloffou  with  the  pentagonal  aelmtenille  of 


EXPLANATION  HF  PLATES  XXHIl  AND  XXIX- 

I'lu.  a. — Eatwtemitc  «r  bitd'«-iw*t  tpidet  (U}g»lc  ip.),  iloinl  h 

Fio.  S  41.— TIm  •hm^  neanl  (we. 

Fis.  C— Entoitonite  of  K  Soorpim  \_JliUiu*,  ip.),  posterior  faoc. 

Fie.  Gi>. — The  MBC,  Bftunl  lace. 

Pto.  7.— Kntualcnite  of  fAmutui  fdypitwat,  neanl  fJMM^  C< 
«itb  Yin.  5  a  ud  Pig.  fi  a. 

Fio.  B. — A  tingle  UoMtlk  of  lh«  right  iHHUigcrtnu  appradain' 
dereulh    Mgmeiit  of    BmlAm  K'^iu,   formed    hj    tina     rJowl; 
pbt«a :  a.  t.,  (he  btM  or  lino  o(  uuclmciil.    Noto  Itio  WMrgtoal 

Fl».  9.— A  •in)^  lanien*  of  Ih*  riglit  Umelligeraui  npnenilatp) 
itlcvcDth  leitmeBl  of  Limuhi  falfpUtua,  for  waipwiaoti  wjtli  Fig.  S 
Uie  base  or  live  x>\  alUolimtnt.  Marginal  aettt  arc  prtiaeot,  but 
Buatcraiu  Ibaa  m  Fig.  S. 

Fin.  10.— Vies  of  tke  pMUtrior  faw  ot  (lie  «iUi)ou)«d  nur  of  _.. 
OBI  app«adagc*  of  the  oicrcalh  srfnwnt  of  Limliu  poiyplh<mKt -.  i 
ntcroal  lobe  or  plaU  vhicb  anile*  tM  tvo  ippcndMies  ;  mJ.,  mviiaa  ) 
orauft  papilla  of  lh«  ttenial  pUl«;  i^.,  eiiuligiDaiic  »rlcriir ;  ttg. 
braadiial  tli^uia  (iiiTaginalloa  to  give  alCMJimenl  ta  l)ie  itinriKn-bf: 
muaole);  »fip.  m.,  proiracMr  mniMe  of  (he  apiwnibie^r,  -'-  "  '!;niu 
the  (oft  ivtcfumeiit ;   /-,  branclital  ItmellK:   /.',  the  la 

«pp.',  the  proiiai^  diTJaion  of  the  ijipendBfni  earr^tin  nrfl 

ea(ea(ling  bejruod    Iheai ;   iipp.\  o/>y.*,  upp*,  wcond.  j) 

Mierties,  fonBing  thiejoin(«d  aiiioT  tbe  daial  pnikuigui      - 

daga;  or.,  exitu  or  outer  ramai  of  ihe  api>«*i(l^. 

Fie.  11. — View  ol   tic  pair  ol  lamelligaroua  apipeD <>"'■'■•  "'  <'" 
Mgmcntof  {tait/w^nUaiu,  accnfriMi  mfnwi.    Tl  < 
Mrnt  luui  been  remomt  from  Um  aarfaccof  ibe  pro^Li    . 
appomiige*,  w>  aa  to  oipoae  tlie  baiea  of  Ihe  kollev  lamedir 
intaguiMOt  of  the  median  uenial  area ;  and  Ihe  rttnotor  ran.' 
bten  rcmotol  m  at  to  expoac  liie  inner  facn  of  the  correeputulinc  idi 
Dtcnt  of  tfae  posterior  face,  nud  tiie  iuMTliuni  itt  Iba  U>or«oo.bi 
muaole*;  tt..  sUnial  lube  ;  ate-,  tkiraoo-bfanehial  uuscle  of  Ihe  left 
Sk,  baaea  at  the  lamuin,  opm  U>  (be  btaadiial  Uoud-Tca«tla, 

Flo.  IJ  — A  •rmi'disxraakmatic  view  of  ow  of  (lie  tespiralur;  appan 
i>f  a  Roorpinn.  to  aho*  Bl.,  tbe  biaea  of  the  lamclbn  oapowid.  oa  ia  il^ 
II,  br  the  rcmova!  o(  (lie  tnta[i>''iE0^  "f  the  aii>,  tbc  rEKuanta  wf  « 
are  seea  at  ■.  The  drawing  liirlher  about  Ibe  grulual  oamHriBf  » 
feaau  of  Iba  laaiisn  in  (bo  icrka  aa  tbe  diital  n<gKio  ia  appraar^ad 
Um  free  pttgecting  portMu  of  (bo  axb  (r)  b  rtacbed :  '.,  prozinal  tna 

Fie.  IS. — A  londoD-MC  of  Uitylai  polyviemu  delachod  fmm  iliu 
haoctiial  aUgaift,  llie  honokiguv  of  tlie  (mbnonai;  «c  of  HnipiA. 

PLATE  XXIX. 

The  d™«inc-i  lit  lli'j  itil'l  iri'   libiinmallir*.    tmt  i^Ii^itml''    (fir  !. 

tbou*  a*  (u  ' 

Scorpio  fni  ■      .  ■  . 

onaoi'i  iiijtci  a*  kouii  wtKA  (La  rouual  auil'aiM  ul  Uw 

buiiuii  1  I , 

Fm.  1.— tiyiMhelical  iuktmniliaUt  (ura.      &,  aita  (f 


EXPLANATION  OP  PLATES  XXVHI  AND  XX\X—a»ili«aed. 

bmetls;  ■/;., parabranciukl  iligmaU  on  tbettemal  surrice  ;  i.,  basts  of  the 
lamella  auppoaed  to  be  teen  Uirougb  the  aiia  of  the  appendage  bj  tiaua- 
parencj. 

Fig.  S  a. — HTpolhetical  form  leading  on  to  Limnlns.  Letters  as  before, 
■icepiing  R'  R'  pointing  to  tbe  distal  region  ot  the  appendage  no«  pro- 
longed ^jond  tbe  lameiligeroiu  region,  and  «r.  tbe  elite.  The  para- 
branchiol  stigmata  are  now  in  proportion  to  the  sixe  of  the  appenda^ea 
mnch  smaller  than  iu  Gg.  1.  The  median  sternal  tubercle  seen  in  fig.  1  has 
now  grown  np  into  a  fuld  uniting  the  bases  of  Che  appendages. 

Fio.  3  a. — The  form  realised  in  Limnlna.  The  appendages  no  longer 
diverge,  bui  converge,  and  the  median  sternal  fold  or  lube  widelj  unites 
llieir  proximal  segmenta,  and  oTcrlapa  the  parabranchial  stigmata,  slff., 
vliich  arc  indicated  hj  dotted  lines,  as  thongh  lowing  through  the  sternal 
fold  b;  trauapaiencj. 

Fid.  8  b. — Hypothetical  intermediate  form  leading  from  that  represented 
in  Sg.  1  to  the  condition  realised  in  Scorpio.  Tbe  leltera  have  the  same 
aiKniScations  aa  in  fig.  1.  The  parabranchial  stigmata  are  now  greatly 
enlarged,  and  the  appendages  reduced  in  siie,  so  that  the  latter  hang,  oa  it 
were,  from  tbe  anterior  margins  of  tbe  former. 

Fie.  3  b. — The  condition  found  in  Scorpio  and  the  pulmonale  Arachnids 
ia  ahown.  The  margins  of  the  parabranchial  stigmata  have  oontraeted, 
enoloaing  vithin  the  sunken  sternal  anr&ce  the  reduced  lamelligerous 
appendages.  On  the  right  hand  side  of  the  figure  the  appendage  ia  repre- 
sented as  ihoogh  the  integument  covering  it  in  were  quite  transparent,  it 
has  rotated  on  its  base  line,  so  as  to  present  what  was  tbe  concealed  or 
posterior  face. 

FioB.  i,  G,  6. — ^Diagrams  of  sections  of  the  sternal  wall  of  the  three 
stages  drawn  in  figs.  1,  2  j,  and  3  A. ;  et.,  the  integnment ;  R.,  axis  of  tbe 
appendage ;  /.,  lamellm  ol  tbe  appendage ;  ili/.,  cupped  surface  of  the 
atemnm  or  parabranchial  stigma;  m.,  thoraco-bianchial  muscle  attached  to 
tbe  eupped  integoment. 


Sf 


>1  : 


.;v 


1 . 


1 

1  ■ 


•Xj 


^NAL  OF  MICROSCOPICAL  SCIENCE. 


*^iii.  )iL — i,  ii,  iiiiii 

^^«»t  (torn  "liicli  ih» 


V.ANATION  OF  PLATES  XXXII  &  XXXIII, 

^*^tiDp  Mr.   F.  O.  Bower's  Memoir   "  On  the  Furtli:- 
Develoi>nieiit  of  IVelteittchia  miraliilis," 

Kej  U  Mitring. 

_^^tp*x  of  ■lem.      /.  f.  ^  lobe  cf  cto»ii.     pt.  I.  =  plnnuUr  Irnl. 

^^  ^  male  braneb.     pr.  ij.  =  prutoxjiein.    pr.  pi.  ^  ptolopl'lnrni. 

^^  6.  ^  wfl  bull-     i~  ^  uc'iinlarj  Iiuii4lc«.     tmt.  ttn.  =  iatercMU)F>I 

^*«Uidle.     jBfT.  *fr,  =;  pcriphenil  ttriet.      tp.  =  tfiidTinit.     tp.  c  ^ 

^piroln*  crll.      tfl./.  =  tclttTttixjiaa  fibre,     tt.  =  ix.rk.     <*,  c*.  tt 

^Mk  comhiuni.     /ly.  w.  :=  li^iuliM  wuU.     ttt.  w.  =  celluloic  wftll. 

^  «,.  1,  —  X   ',".     'rran»Tcr«c  scrlian*  of  llic  root  of  ttift  j-(iiinir«it  pliiiit 
_*kr  Kcw  collrf^tions,  at  n  diitUDCc  of  nbaul  six  tuch«>  birlou-  llic  r<-rdcr, 

*(i.  II.  — X   'i*.     i,  iii  iii.   iTunairne  Ptttiaa  of  tlic  Mmo  tool   lii;;lier 
%lioi>iiiK  tl>e  uunuection  uf  Itie  seconilajj  buuille»  {A^  »ilh  Uio  Vdnlnl 
d[  voK'ulhr  tissue. 

iinJ  Mw.     BiUrnal  view  (i,  lateral ;  \\,  tipical)  of  ilie 
ihr  Mciiont  (Igumi  below  (Fig»-  iv,  vi,  viii— x)  were 
i\  linn,   1  — R,  ibnw  (lie  pninl*  nt  wliiHi  thr  t<'Ci><iiia 
A,  I'Ih.  t-i,  vent  taken.    Tliote  aimkeil  a,  b,  sbaw  the  positifw  of  ilic 
■Knn  afureiiaa  of  Vie.  viii,  a  uicl  B.    Tbu  root  conlinned  fur  a  ditlknce 
_  *t  kine  tnclMS  bejoail  iliai  rapraMnled  in  tbii  figure,  aud  wu  ibere  broken 
*«r»hort. 

Fio.  IV.— X  *)".  TroDtTimc  H^ion  of  the  root  of  llie  above  pUol.  *l 
^  poiut  about  m  iiicbes  beJow  ihe  *«rliii>j^,  Bniika  the  itcllalc  ocianil 
4|iinip  of  Tucnlar  bundle*,  a  pcripbeial  mhm  u  bere  to  be  kcu.  The 
IJEti  (  X  )  iadioalrs  gum  pMnfo. 

Pig.  v. — X  *^^.  TraiuTerae  tectioD  of  tli«  peripheral  part  of  an  oU 
root  (xboat  DttE  inch  in  diamelcr).  sbuvtini;  lh«  origin  of  three  vatcuUr 
buDiilci;  Ibc  arrow  pouilB  lowards  tlie  mitre  of  Ibetool. 

Fi".  VI.— (I— 0)  X  t-  Series  of  IrsiixverM  M«tionh  taken  a(  points 
marled  1—11  lu  Fig,  iii.  (w*  text).  No  ?  ( x  Y)>  P*"'  "^  »**''  ■  •criit* 
M  No.  G,  blioviiif;  the  intrrcaUlion  of  a  frD>h  bundle  between  the  iiblcr 
biiniltfi»  of  tlie  lenf  trace. 

Fio.  VII. —  X  y.  TraiitrerM  seclioo  it  tbc  ^lex  of  a  •crdliiifc  four 
■MUDlIu  old,  thnauiKexleniallj  ilw  biM  of  Ihe  cutjrleduoB,  witbin  tlutic 
Ibe  two  plomukr  Icntes  ipl.).  aixi  brlweru  llio  bitter  the  apMal  cone  (ap.). 
lAleiklt;  to  tbii,  the  two  kilws  of  ibe  crown  (t  e.). 

Fic.  tiu.— X  {.  a,  a,  hinititudiMi  lectjona  ia  |ilatin  mnikMl  in  Ttg.  xn, 
A.  i>.  la  A.  Ibc  liim  u(  ^buliil^K  >rc  inlc&ded  to  iniiieale  Ibe  arningmonl 
nf  t)ieUwu<a,  (ef.  teil).  llir  an?*  ( X )  is  rCfirctentoJ  undtra  hiRhrr  poaer 
in  Fig.  X.    Ill  B,  the  dotted  line  iudirnlca  Uu:  rdnlii^  poeition  ol  fig.  vi,  Q. 


ElM. 


PL&TBS  XXXII  ft  XXXIII-MirfMMrf. 


Fib.  n.— X  f.    Traantne  MCtioiu  of  ok  of  Uo  lob«i  «f  ' 
A  It  ■  lover,  ud  ■  ftt  bigbsr  poiiU- 

Fi«.x. — X  Ifo.    IIm  vea  muled  (x)  la  Pic.  nn.A.  afci 
BMtu«r  of  divnioQ  et  tlw  UuMt  nt  tbo  ba>«  nf  Uic leaf  froove. 

Tie.  St.— Nktnrsl  tiie.  LoofilwliBil  iiwdiui  KCtios  of  vt  ol< 
vbick  iiei  JD  tbr  Kojil  Giidea*,  Kaw. 

Fio.  ui  —  X  f.  SMtton  (roM  the  steoi  of  tlie  iborti  phnl  to  tb 
of  the  leaf  tootinmd  iaU>  tba  item.  This  ihon  Ifce  inlcrraUtion  a 
bandle*  {M.  imt.)  betvcu  the  older  Iwndlea  of  tiic  leaf  iraoe  (cf. 
tigm  tcmi-diaipOTiwatw,  fat  the  iMBdlea  are  drawn  true  lo  I 
a,  *,  C  r«fcr  to  text,  aod  tig.  u. 

Pio.  sill.— <I — 1)  X  V-     ProgTwaire  atasa*  of  developancnt 
Mtla  bnoeluB,  a*  M«n  in  lonKitiidiDal  aectioaa  perpcodieular  to  tbe  i 
of  tin  iucr  lip  of  ibe  leaf  jtroove.     (r>)  =  apical   view  of  Uie 
btanoh  ;  han  tlia  aptnl  ooiw  i*  oofcnd  b;  imguUr  i*p*,  derdopc^ 
ttts  margiQ  of  the  dapraiMu. 

Fin.  xiT.— ^'atutal  tiat.  View  of  iDser  lip  of  th»  leaf  in^iOTO  of. 
plant  with  three  male  branefae*  fullj  decelopcd,  and  K*eial  ttiU  }«M 

Pie.  XT.— Ixmiptodtnal  HOtiQa  of  tbe  bne  of  a  male  br*ack,  il 
lt«  coauMtioa  with  tbe  lip  of  tbe  ksf  gnwre. 

Tw.xn.— X  *l*.  Put  of  a  tonKituitinal  teCtiOB  at  (be  boae  of  I] 
He  tiuoe  ia  ttill  nndergainf  diviaioo,  but  one  nil  baa  ecMed  lo 
and  h  beginning  lo  dcidop  ai  a  apicuiar  ccIL  The  cryatala  and  U 
waJl  n«l;ct  formed. 

Fifl.  xTii.—  X  M'.    Eiid  of  a  TCung  apietifaur  eeQ  (crjatab  and  la 
wall  alrtadf  foniici])  fmm  dow  Vlow  the  Mrfm  of  ibe  lip  of  I 
grooves  l^it  »!iowa  bow  in  ^owth  the  eell  foliowi  the  inlerccUolar  i 

Fio.  xvni. —  X  iJB. 
nncleu*  and  pitted  wall. 

Fie.  SIS.— X  ^)>'.  Part  of  wall  of  a  jouag  apieoltr  eeS  in  loogi 
•eetloo,  ahowing  how  Ibe  protoplasm  ritcnds  u  plop  into  Ibe  piia. 

Fte.  XX.—  X  1^9.    Part  of  a  IranaTcrse  arctkin  of  a  root,  lrt*t( 
UNO,  to  diuolvc  the  cjitals.    Side  bj  side  are  sora  spicular 
Tarioui  stagee  of  dcTelopment,  cot  tcaiurcrscl;. 

Pio.  xu.— X   i^n.     Lua][itudinal  Motion  of   sofl  baat  j 
ahowing  «ie«*  lubes,  with  lite  aiere  plates  on  the  ubliigue  villa. 


TouDg  ^lieular  celt  eut  obliqucljr,  abowiog 


INAL  OP  MICROSCOPICAL  SCIEXCE. 


tPLANATION  OP  PLATE  XXXIV, 


tn?   Mr.  Mitsukuri's  Memoir  ou   the  "  Structare 
4      SignificaDCi;  of  Some  aberrant  Forms  of  Lnia«lli> 
kcbi&te  (iills." 

NUCULA. 

>  • — Tlie  view  of  the  tofl  puU  of  »•  male  speeiinaa,  tbn  Itft  valve 

en  reiiovcil,  nod  the  left  lobe  of  tbe  niamlc  cut  hwmv  Rlonjt  iIir 

hrdcr  of  llic  TMccral  inati  near  the  line  rj/.    J£alargcd  auoal  aovcu 


.  a.  AnlRriur  xlduclor.  p,  a.  Puslcrior  odclui^tor.  e.  m.  Visveral 
/.  foul.    ff.  Gill.     '.  LabtMl  paifji.     I.  a.  Tcillacullr  )ip|H'l>i)- 

1  of  the  labial  imipi.  l.i.  IL-od-likv  Hppcudu^c  oF  tlio  labial  jiai|>i. 
r'Ucnibmie  aunpiMiiliiiii  the  riII,  mid  attaclird  to  the  bod;  alou);  lliu 
^kta  linR  I J  !  le.    p.  I'oxlorior  end  of  the  gill. 

3. — ^i'oitcriut  pari  of  Ihc  labial  palpi  of  the  righl  aide,  showing  (lie 
enent  <if  lobuu  sppuuiiagck    Diignmmatie.    Lellcn  Munu  m  hi 


3.— Uiajcnm  of  the  meiiibraae  auBjiendiiiK  llie  giil. 
Lcttcra  of  the  tame  sipiiBcancc  &»  lu  ITig.  1. 


Seen  from 


'.H.  4. — The  ^11  of  one  kidr.  diMRclcd  oot  and  drairn  by  ilwir.     Seen 
below  aiid  sIikIiiI^  from  one  side.     Knlargcd  about  Ihirlj-livc  time*. 

T.  Antrrior  end.  p.  Posterior  end.  *'p-  I'inc  (^f  tiitprnitioii. 
gjp.  Veoitai  median  line,  sr^p  and  jfp.  Ports  ptojectin|{  down- 
«ud  of  the  plales  cuiiipounB  the  gill. 

6. — An  omioted  pair  of  the  plates  compoilng  the  gill.  Ealirgfd 
Biers.  The  ouluiuuac  epilhelium  cl-Uh  repri-ictiteu  iii  the  Bgurri 
the  bonier*  « <l  and  (  J,  ere  ihe  optical  section  u(  (lie  charaeloriHtic  cells 
aronnd  the  rdRi-s,  and  therefore  the  surface  of  the  itrt^ulwl;  reel- 
inltT  eelia  iuit  inside  ou)iht  to  be  cnnliuuous  oilh  the  ontor  edge  of  the 
«nwar  cells,  but  is  nut  su  teprocnted  in  the  %ure  in  order  to  nToid 
ifgiMD.  Tlie  cubical  colU  along  tbe  border*  ia  aniiji  are  also  sliuvrn  in 
^calKetiou  in  a  tiuiilu  «aj.  The  coloured  part  i*  the  cliiiinoiu  frame- 
ai,  For  the  utkc  ot  cluAtaeu,  ooUa  ue  filled  iu  Uiger  than  ihi'; 
raid  be. 

kiji.  Suspending  membrane  of  the  pill ■  "/■  Stem  which  iacvn- 
linuoui  along  the  wiiole  length  nf  Uir.  gill.  8e«n  here  in  erou-aectioD. 
e.  Pbitea  winch  pritjecl  downward  trom  the  stem  i  <//,  and  wbieh  are 
tbe  Dtuper  resi>iraior;  orftan.  «.  Ixiwer  blood-channel  in  the  *tem. 
o.  Upper  blood-cliaunet  in  the  stem.  >.  Trough  of  the  ehifinous 
framework.  Thii  ia  contiuued  throughout  the  length  of  the  gill. 
Seen  bcrt  id  crot»-KCtioD._    t.p.  QronepkKv  ibal  dividca  the  (lou^h 


PLANAHON  OP  PLATE  XXXIV. 

into  vmct  aad  low«t  eoinpuliiiienU.  J-  Cluliaoin  •npport  *lon|t  tht 
lower  bordor  of  Ihc  pUu.  r.  Branch  oi  the  tower  bbwd-chowwl  (■) 
in  Uie  pWe.  t.  Fibre*  limad  tlaiu;  th«  tpper  bolder  of  tba  DLue.  m. 
yihres  tbat  u«  itivca  olT  froci  ifae  *tcn,  lUfchUj  sboTc  ibe  blooil. 
diBiHid  ('),  «a4  that  knpTOacIt  Bud  iuUj  toucb  (be  Utbr  M<*r  iu 
lowM  end.  ad  and  itf.  Cbnnoierulic  wtnipnir  ^Hlbdiani  ori 
round  aloag  the  Ittww  betdm  of  U10  plate,  havi^  loagar  dlU  lii 
UioM  m  lbs  othar  pacU. 

PlO.  ft- — Croie  Mtlion  of  a  phU  cut  nlbtr  b*)o«  tha  mMdlc,  so 
tba  BttoehMait  of  (be  filaM  to  ihe  ttem  i*  sot  weB  at  alt.  KaUi^td  aboui 
8T0  dknrtrr*.  Lelten  mne  a>  in  Fig  S,  exorpt  l.y.,  whieli  iIuuIb  Ui\ 
H>h»nar  cctli  having  loogcr  cilia  Uua  tkOM  on  the  oilier  part*  (Pccb't 
iKaroJraatal  odiaj. 

Pia.  7.— DiifiruiniaUc  rcvreMnlatioa  of  the  obilinottt  framework. 
Tbe  trD«|{h  I*  Ken  ■>  tlie  midiUB  |)>r«c  tnta  vbidk  a  ixair  of  Wsoebes  [A} 
an  aari  into  eacli  pbte.  e.p.  Croat  Mnee  tliu  iliiiilca  tbe  iruugb  ima 
upper  aad  lover  comfAtl neat*.  «•.  t>nl  ofe«i>si  in  tbe  cruw  piece. 
ep.  OpcniMp  ie  one  ude  of  tbe  Irmigh  tbat  oon«eet  tbe  ^laeo  between  itw 
cmel;-i|i|iaHl  pkirm  uf  branebea  fi)  witb  Ibc  lower  compulHicnla  of  tbe 
tnwgh.    9'p'.  Itw  aune  ol  tbe  olbu  wle  of  the  tiongb. 

Fu.  S.— A  part  of  tbe  diitiiioni  framewmk  »eeo  froio  below.  LeUeiv 
MSM  m  in  Fig.  7.    uaaa  are  pUoed  eppowte  ttsk  jilaie. 

TOLDIA. 
FlC.S^-lle  sill  of  OM  tide  datccted  txat  br  itulf.    Seen  frOM  below 
and  OM  aiile.    Correepoadt  to  Vip  4  of  (be  flteaU  ^IL    r^p.  Uedian 
ventral  lioe.    xcf.  hear  tbelieeuf  auepcnuon  oftbei^ilL 

Fifl- 10, — Diagrnn  of  tbe  parte  around  tbe  bant  E«rt  of  the  cilL  /. 
Labial  palpi.  I.  a.  Tcutaeubr  bbial  epprniURtt.  g-  Oil!,  v.m.  Vucerel 
nuM.    X.  McDibrBDoot  ridge-libc  portJoo  of  tbe  giU  in  frooL 

Fin.  1 1.— An  oppmed  pair  of  lb*  pblea  eotopoai^  tbe  nil.  Culnrged 
about  7^  rfianirtr-r>,  Itcmarki  ebout  Fig.  B  appi;  to  Ibis  Hgnrc  a>  well. 
Letten  Mine  u  in  fig.  5,  cxrept  t,  whicb  ia  here  a  bundle  of  longiladiaal 
fibres,  end  not  Ihe  chjttnout  trough.  In  addillon,-/  LoMitudinaT  htadle 
of  a  fibrous  littue  Tuaaing  tbe  whole  leufi^h  of  ibc  gPL  ti.  A  aeeond 
apletn  of  cbitiiious  topport,  aprmding  out  like  the  fraine  of  a  fsii. 

Fic.  ll«. — The  outline  of  a  plate  ea  teen  from  one  »ide. 

Fi«.  It. — Lacunar  titsue  M«n  in  a  croeftectnm  of  a  plale.  Tbe 
peculiar  shape  i«  due  to  the  distottios  of  tbe  plaic  KnUrgcd  400  dia- 
meUra. 
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